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SPECIAL NOTES 

APT publications necessarily address problems of a general nature. With respect to particular 
circumstances. local state. and federal laws and regulations should be reviewed. 

Neitl1er API nor any of APJ's employees, subcontractors. consultants, commiHees. or other 
assignees make any warranty or representation. eiU1er express or implied. with respect to the 
accuracy. completeness, or usefulness of the infom1ation contained herein. or assume any 
liability or responsibility for any use. or the results of such use. of any information or process 
disclosed in this publication. Neither API nor any of A PI's employees, subcontractors. con
sultants. or other assignees represent that use of this publication would not infringe upon pri
vately owned rights. 

Classified areas may vary depending on the location, conditions, equipment, and substances 
involved in any given jUiisdiction. Users of this Standard should consult whh the appropriate 
aulhotilies havingjurisdiction. 

Users of tnis Standard should not rely exclusively on the information contained in this docu
ment. Sound business, scientific. engineering, and safety judgment should be used in 

07 employing the info,•mation contained herein. 

API is not undertaking to meet the duties of employers. manufacturers. or suppliers to warn 
and properly train and equip their employees, and others exposed. concernjng health and 
safety risks and precautions, nor undertaking their obligations to comply with authorities 
havingjurisdiction. 

Infonnaoon containing safety and health risks and proper precautions with respect to partic
ular materials and conditions should be obtained fTom the employer, Lhe manufacturer or 
supplier of that material, or the material safety data sheet. 

API publications may be used by anyone desiring to do so. Every effort has been made by 
ltte fnstitute to assure the accuracy and reliabillty of the data contained In them: however. !he 
Institute makes no representation. warranty, or guarantee in connection with tllis publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any authorities having jurisdiction with which this publi
cation may ronflict. 

API publications are published 10 facilitate the broad availability of proven, sound engineer
ing and operating practices. These publications are not intended lo obviate the need for 
applying sound engineering judgment regarding when and where U1ese publications should 
be utilized. The formulation ami publication of APl publications is not intended in any way 
to inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard ls solely responsible for complying with all the appucable 
requirements of thar standard. API does not represent. warrant. or guarantee that such prod
ucts do in fact conform to the applicable APT standard. 

All rights reserved. No pm1 oft/liS work 11/a)l be reproduced, stored in a reh·ieval system, or 
transmitted by any merms, electronic, 111echanica/, photocopying, recording, or otherwise, 

without prior written permission from the publislte1: Contact the Pub/ishe1; API 
Publishing Services, 1220 L Street. N. W, Washington, D.C. 20005. 

Cop_yright '{• 2007, 2008. 2009, 201 I Amr.rirao Petroleum liL~lilule 



NOTICE 

INSTRUCTIONS FOR SUBMITTING A PROPOSED REVISION TO 
THIS STANDARD UNDER CONTINUOUS MAINTENANCE 

This Standa1•d is maintainrrl under continuous maintenance procedures by the American 
Petroleum Institute for which thr Standards Department. These procedures establish a docu
mented program for regular publication of addenda or revisions. including timely and docu
mented consensus action on requests for revisions to any part of the Standard. Proposed 
1'evisions shall be submitted to the Director. Standards Department. American Petroleum 
Institute. 1220 L Street. NW. Washington, D.C. 20005-4070. standards@api.org. 
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FOREWORD 

07 This Standard is based on the accumulated knowledge and experience of Purchasers and 
os ManufacturPrs of welded oil storage tanks of various sizes and capacities for internal pres

sures not more than 17.2 kPa (21/z pounds per square inch) gauge. This Standard is meant to 
07 he a purchase specification to facilitate the manufacture and procurement of storage tanks 

for the petroleum lndustly. 

07 

If the tanks are purchased in accordance wilh this Standard, the Purchaser is required to 
specify certain basic requlrements. The Purchaser may want to mocilly, delete, or amplify 
sections of this Standard, but reference to thjs Standard shall not be made on the nameplates 
of or on the Manufacturer's certification for tanks that do not fultlll the minimum require
ments of t:his Standard or that exceed ils limil(ttions. It is strongly recommended that any 
modifications. deletions. or amplifications be made by supplementing this Standard rather 
thau by rewriting Ol' incorporating sections of it jnto another complete standard. 

The design rules given in this Standard are minimum requirements. More stringent design 
rules specified by the Pw-chaser or fw·nJshed by the Manufacturer are acceptable when mutu
ally agreed upon by the Purchaser and the Manufacturer. This Standard ts not to be inter
preted as approving. recommending, or endorsing any specific design or as limiting the 
method of design or ronstruction. 

Shall: As used in a standard. "shall" denotes a minimum requirement in onler to conform to 
the specification. 

Should; As used in a standard, ''should'' denotes a recommendation or that which is advised 
but not required in order to conform to tlte specification. 

• This Standard is not intended to cover storage tanks that are to be erected in areas subject to 
regulations more stringent than the specifications in this Standard. When thls Standard is 
specified for such tanks, it should be followed insofar as it does not conflict With local 
requirements. The Purchaser is responsible for specifyjng any jurisdictional requirements 
applicable to the design and construction of the tank 

After revisions to this Standard have been issued. they may be applied to tanks that are to be 
completed after the date of issue. The tank nameplate shall state the date of the edition of the 
Standard and any revision to that edition to which the tank has been designed and con
structed. 

• Each edition. revision, or addenda to this API Standard may be used beginning wl!h the 
dare of issuance shown on the cover page for I hat edition, revision, or addenda. Each edi
tion, revision. or addenda to this API Standard becomes effective six months afler the date 

o7 1 of issuance for equipment that is certified as being constructed. and tested per this Stan
dare!. During the six-month time between the date of issuance of the edition. revision, or 
addenda and the effective date, the Purchaser and the Manufacturer shall sprcify to which 

07 1 edition, revision, or addenda the equipment is to be constructed and tested. 

11 DELETED 

Suggested revisions are invited and should be submitted to the Downstrean1 Segment. 
American PetroJeum Institute. 1220 L Street. N.W., Washington. D.C. 20005. 

IV 



IMPORTANT INFORMATION CONCERNING USE OF ASBESTOS 
OR ALTERNATIVE MATERIALS 

Asbestos is specified or referenced for certain components of the equipment described in 
some APT standards. It has been of extreme usefulness in minimizing Jlre hazards associated 
with petroleum processing. Tt has also been a universal sealing material. compatible with 
most refining nuid services. 

Certain serious aoverse health elfects are associated with asbestos. among them the seri
ous and often fata l diseases of lung cancer. asbestosis. and mesothelioma (a c:ancer of the 
chest and abdominal linings). The degree of exposure to asbestos varies with the producl 
and the work pracllces involved. 

Consult the most recent edition of the Occupational Safety and Health Administration 
(OSHA). U.S. DeparoHent of Labor. Occupational Safety and Health Standard for Asbestos. 
Tremoli!e. A11U10phyllite. and Actinolite. 29 Code of Federal Regulations Section 
1910.100 I: the U.S. Environmental Protection Agency. NationaJ Emission Standard for 
Asbestos. 40 Code of Federal Regulations Sections G1.l40 through 61.156: and the U.S. 
Environmental Protection Agency (EPA) rille on labeling requirements and phased banning 
of asbestos products (Sections 763.160-179). 

There are currently in use and under development a number of substitute materials to replace 
asbestos in certain applications. Manufacturers and users are encouraged to develop and use 
effective substitute materi3ls that can meet the specifications fof. and operating requirements 
of. the equipment to which they would apply. 

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTfCULAR PROD
UCTS OR MATERIALS CAN BE OBTAINED FROM THE EMPLOYER, THE MANU
FACTURER OR SUPPLIER OF THAT PRODUCT OR MATERIAL, OR THE 
MATERIAL SAFETY DATA SHEET. 

v 
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SECTION 1-SCOPE 

1.1 GENERAL 

1.1.1 This Standard establishes minimum requirements for material, design. fabrication, erection, and testing for vertical, 07 

cylindrical. aboveground. closed- and open-top. welded storage tanks in various sizes aod capacHies for internal pressures os 
approximating atmospheric pressure (internal pressures not exceeding the weight of d1e roof plates), but a higher intemal pl'essure 
is permitted when additional requirements are met (see 1.1.12). This Standard applies only to tanks whose entire bottom is uni
formly supponed and to tanks jn non-refrigerared service thal have a maximum design temperature of 93oC (200°F) or less (see 
1.1.19). 07 

• 1.1.2 This Standard is designed to provide industry with tanks of adequate safety and reasonable economy for use in the storage of 
petroleunJ. p('troleum products. and other liquid p1·oducts. This Standard does not present or establish a fixed series of allowable tank 
sizes: instead, it is intended to pennit the Pur·chaser to select whatever size tank may best meet his needs. This Standard is intended to 
help Purchasers and Manufacturers in ordering. fabricating. and erecting tanks; it is not intended to prohibit Purchasers and Manufac· 
turers from purchasing or fabricating tanks that meet specifications other 01an those contained in this Standard. 

Note: A bullet (•) at the beginning of a paragraph indicates that there is an expressed decision or action required of the Purchaser. The Pur
ciJaser's responsibility is not limited to these decisions or actions alone. When such decisions and actions are taken. they are to be specified in 
documents such as 1·equisitions, change orders, data sheets. and drawings. 

• 1.1 .3 This Standard has requirements given in two alrernate systems of units, The Manufacturer shall comply with either: 

I. all of the requirements given in this Standard in SI units. or 

2. all of the requirements given in this Standard in US Customary units. 

The selection of which set of requirements (SJ OJ' US Customary) to apply shall be a matter of mutual agreement between Lhe 
Manufacturer and Purchaser and incticated on the Data Sheet, Page 1. 

1.1.4 All ranks and appurrenances shall comply with the Data Sheet and all attachments. 

• 1.1.5 Field-erected tanks shall be furnisheJ completely erected. tested, and ready for service connections. unless specified oth
erwise. Shop-fabricated tanks shall be furnished tested and ready for installation. 

• 1.1.6 Tile appendkes of this Standard provide a number of design options requiring decisions by the Purchaser. standard 
requirements. recommendations, and information that supplements the basic standard . Except for Appendix L. an appendix 
becomes a requirement only when ~1e Purchaser specifies an option covered by that appendix or specrAes the entire appendix. SeE> 
Table I -1 for !be status of each appendix. 

1.1.7 Appendix A provides alternative simplified design requirements for tanks where the stressed components. such as shell 
plates and reinforci11g plates. are limited to a maximum nominal thickness of 12.5 mm (lfz in.). including any corrosion allow
ancP. and whose design metal temperatw·e exceeds tl1e minilnums stated in the appendix. 

1.1 .8 Appendix AL provides requirements for aluminum tanks. 

1.1.9 Appendix B provides recommendations lor the design and construction of foundations for flat-bottom oil storage tanks 

1.1. 10 Appendlx C provides minimum requirements for pontoon-type and double-deck-type external floating roofs. 

1.1 .11 Appendix D provides requirements for submission of technical inquities regarding this Slandard. 

• 1.1 .12 Appendix E provides minimum requirements for tanks subject to seismic loading. An alternative or supplemental design 
may be mutually agreed upon by the Manufacturer and the Purchaser. 

1.1.13 Appendix F provides requirements for U1e design of tanks subject to a small internal pressure. 

1 .1 .14 Appendix G provides requirements for aluminum dome roofs. 
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Table 1-1-Status of Appendices to API Std 650 

Appendix Title Status 
A Optional Design Basis for Small Tanks Purchaser's Option 

AL Aluminum Stomge Tanks Requirements 
B Recommend<~tions for Design and Construction of Foundations Recommendations 

for Aboveground Oil Storage Tanks 
• c Extemal Floating Roofs Requirements 

D Technical Inquiries Required Procedures 

• E Seismic Design of Storage Tanks Purchaser's Option 
EC Commenwy on Appendix E Information 
F Design of Tanks for Small lntemal Pressure$ Requirements 

• G Structurally-Suppo1ied AJuruinum Dorue Roofs Requirements 
H Internal Floating Roofs Requirements 

• I Undertank Leak Detection and Subgmde Protection Purchaser's Option 

J Shop-Assembled Storage Tanks Requirements 
K Sample Application of the Variable-Design-Point Method to lnfo1mation 

Determine Shell-Plate Thickness 

• L API Std 650 Storage Tank Data Sheets Required LnformaUon 
M Requirements for Tanks Operating at Elevated Temperatures Requirements 
N Use of New Materials That ;tre Notldentifi{'d Requirements 

• 0 Recommendation for Under-Bottom Connections Purchaser's Option 
• p Allowable External Load on Tank Shell Openings Purchaser's Option 

R Load Combinations Requirements 
s Austenitic Stainless Steel Storage Tanks Requirements 
sc Stainless SLeel and Carbon Steel Mixed Mareri<Jl Storage Tanks Requirements 
T NDE Requirements Summary Requirements 
u Ultrasonic ExamiJlation iJ1 Lieu of Radiography Purchaser's Option 

• V Design of Storage Tanks for External Pressul'e Purchaser's Option 
• w Commercial and Documentation Recommendations Recommendations 

X Duplex Stainless Steel Tanks Requirements 

1.1.15 Appendix H provides minimum requirements that apply to an internal floating roof in a tanl< with a fixed roof at the top 
of the tank sheU. 

• 1.1.16 Appendix 1 provides acceptable construction details that may be specified by the Purchaser for design and construction 
of tank and foundation systems that provide leak detection and subgrade protection in the event of tank bottom leakage. and pro~ 
vides for (anks supported by grillage. 

1.1.17 Appendix J provides requirements covering the complete shop assembly of tanks that do not exceed 6 m (20ft) in dian1eter. 

1.1.1 8 Appendix K provides a sample application of the variable-design-point method to determine shell-plate thicknesses. 

071• 1.1.19 Appendix L provides the Data Sheet and the Data Sheet instructions for listing requhed information to be used by the 
Purchas<:<r and the Manufacturer. The use of Ute Data Sheet is mandatory. unless waived by the Purchaser. 

1 .1.20 Appendix M provides requirements for tanks wilh a maximum design temperature exceeding 93oC (200°F) but not 
exceeding 260°C (500"F) . 

1.1 -21 Appendix N provides requirements for the use of new or unused plate and pipe materials that are not completely identi
fied as complying with any listed specification for use in accordance with this Standard. 
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1.1.22 Appendix 0 provides recommendations for the design and construction of under-bottom connections for storage tanks. 

• 1.1.23 Appendix P provides requirements for design of shell openings that conform to Tables 5-6a and 5-6b thal are subject to 
external piping loads. An alternative or supplemental design may be agreed upon by the Purchase( or Manufacturer. 

1.1.24 Appendix R provides a description of the load combinations used for the design equations appearing in this Standard. 

1.1.25 Appendix S provides requirements for staiuless steel tanks. 

I 08 
07 

1.1.26 Appendix SC provides requirements for mixed material tanks using stainless steel (including austenitic and duplex) I 
09 and carbon steel in U'1e same tank for shell rings. bottom plates. roof stntcture. and other parts or a tank requiring high COITO· 

sion resistance. 

1.1.27 Appendix T summarizes the requirements for inspection by method of examination ancl the reference sections within the 
Standard. The acceptance standards. inspector qualifications. and procedure requJrements are also provided. This appendix is not 
intended to be used alone to determine the inspection requirements within this Standard. The specific requirements listed within 
each applicable section shall be followed in all cases. 

1.1.28 Appendix U provides requirements covering the substitution of ul.trasonic examination in lieu ofradiographic exam
ination. 

1.1.29 Appendix V provides addJtional requirements for tanks that are designed to operate under external pressure (vacuum) 
conditions. 

• 1.1.30 Appendix W provides recommendations covering commercial and documentation issues. Alternative or supplemental 
requirements may be mutually agreed upon by the Manufacturer and the Purchaser. 

1.1 .31 Appendix X provides requirements for dupJex stainless steel tanks. 

1.2 LIMITATIONS 

The rules of this Standard are not applicable beyond the following limits of piping connected internally or externally to the roof. 
stu• II. or bonom of tanks constructed according to this Standar<i: 

a. The face of the first flange in bolted Hanged connections, unless covers or blinds are provided a~ permitted in this Standard. 
b. The first sealing surface for proprietary connections or fittings. 
c. The first threaded joint on the pipe in a threaded connection to the tank shell. 
d. The first circumferential joint in welding-end pipe connect inns if not welded to a flange. 

1.3 RESPONSIBILITIES 

1.3.1 The Manufacturer is responsible for complying wilh all provisions of this Standard. Inspection by the Purchaser's inspec
tor does not negate the Manufacturer's obligation to provide quality control and inspection necessary to ensure such compliance. 
The Manufacturer shall also communicate specified requirements to relevant subcontractors or suppliers working at the request of 
the Manufacturer. 

• 1.3.2 The Purchaser shall specify on lhe Data Sheet. Line 23. the applic:ablejurisdictional regulations and owner requirements 
thai may afft>ct the design and construction of the tank and those that are intended to limit the evaporation or release of liquid con
tents from the tank. Which regulations/requirements, if any. apply depend on many factors such as Ole business unit the tank is 
assigned to, the vapor pressure of the liquids stored in the tank. the components of the liquid stored in the tank, the geographic 
location of the tank, the date of consnlJction of the tank. the capacity of the tank. and other considerations. Tlwse rules may affect 07 
questions such as 1) which tanks require floating roofs and the nature of their construction: 2) the cypes and details of sea ls used in 
the floating roof annular rim space and at openings in the roof. 3) details of tank vents, and 4) requjrements regarding release pre
vention baJTiers. 

• 1.3.3 The Purchaser shall provide any jurisdictional site pem1its that may be required to erect t·he tank(s). including permits 
for disposal of IJ1e hydro-lest water. The Manufacturer shall provide all other permits t·hat may be required to complete or trans
port the tank. 

1.3.4 The Purchaser retains the right to provide personnel lo observe all shop and job site work within the scope of the con
tracted work (including testing and inspection). Such individuals shaiJ be afforded full and free access for the~e purposes, subject 
to safety and schedule cbnsll'aints. 
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1.3.5 Jn this Standard. language indicating that the Purchaser accepts. agrees. reviews. or approves a Manufacturer 's design. 
work process. manufact uring action, etc., shall not limit or relieve the Manufacturer's responsibility to conform lo specified 
design codes. project specifications and drawings, and professional workmanship. 

1.3.6 The Manufacturer shall advise the Purchaser of any identified conflicts between this Star'Jdard and any Purchaser-refer
enced document and request clarification. 

1.3. 7 Jn this Standard, language indicating that any particular issue is subject to agreement between the Purchaser and the Man
ufacturer shall be interpreted to require any such agreement to be documented in writing. 

• 1.4 DOCUMENTATION REQUIREMENTS 

See Appendix Wand the Data Sheet for the requirements coveri ng the various documents to be developed for the tank. 

1.5 FORMULAS 

Where units are not defined in formulas 1n !his standard, use consistent units (e.g. in .. in. 2. in:3. lbf/in. 2) . 



SECTION 2-REFERENCES 

The following standards. codes, specifications. and publications are cited in this Standard. The most recent edition shall be used 
unless otherwise specified. 

API 
RP 582 
Stcl620 
RP 651 
RP 652 
Publ 937 
Publ937-A 

Welding Guidelines for the Chemical. Oil and Gas Tndustrles 
Design and Construction of Large. Welded, Low-Pressure Storage Tanks 
CaU10dic Protection ofAboveground Petmlf'um Storage Tanks 
Lining of Aboveground Petroleum Storage Tank Bottoms 
EvaluaUon of tbe Design Criteria for Storage Tanks wit.h Frangible Roofs 
Study to Establish Relations for the Relative Strength of API 650 Cone Roof, Roof to.She/1. and Shell-10-Bor
tom}oints 

Std 2000 Venting Atmospheric and Low-Pressure Storage Tanks: Non-reliigerated and Refrigerated 
RP 2003 Protection Against ignitions Arising Out of Sta(ic. lightning, and Stray Currents 
Publ 2026 Safe Access/Egress JmoMng Floaling Roofs of Swrage Tanks in Petroleum Se11dce 
RP 2350 Overfill Protection for Swrage Tanks in Petroleum Facilities 
Spec 5L SpecHlcaUvn for Line Pipe 

Manual of Petroleum Measurements Standards (JVJPMS} 
Chapter 19 "Evaporative Loss Measurement" 

AAL1 

Aluminum Design Manual 
Alumiown Standards and Data 
Specifications for Aluminum Sheet Metal Work in Building ConsrrucrioiJ 

ACJ2 

318 
350 

AISC3 

Building Code Requirements for Reinforced Concrete (ANSIIAC/318) 
Environmental Engineering Concrete Structures 

Manual of Steel Construction, AJlowable Stress Design 

Al$]4 
T-t92 

ANSI5 

Steel Plate Engineering Data Series- Useful information- Design a/Plate Struc/llres. llolumes T &JT 

ANSV AJSC 360 Specification for Structw·al Steel Buildings 

ASCE6 

ASCE Std. 7-05 Minimum Desi,gn Loads for Buildings and Other Strucrures 

ASME7 

8 1.20.1 
B l 6. 1 

BJ6.5 
8 !6.21 

Pipe Threads. General Purpose (Tnc!J) (ANSI/ASME 81.20.1) 
Cast Iron Pipe Flanges and Flanged Fillings (ANSI/ASME 8 16.1) 
Pipe Flanges and Flanged Fittings (ANSIIASME 816.5) 
Nonmetallic Flat Gaskets for Pipe Flanges 

1The Aluminum Association Inc., 1525 Wilson Boulevard, Suite GOO, Arlington. Virginia 22209, www.aluminum.org. 
~American Concrete blstitute, P.O. Box 9094, Fanuington Hills. Michigan 4.8333, www.aci-int.org. 
3Anterican Inst itute of Steel Construction, One East Wacker Drive, Suite 3100, Chicago, ltllnois 60601·2001 , www.aisc.org. 
4American Iron and Steel Institute, 1540 Connecticut Avenue. N. W •. Suite 705, Washington. D.C. 2003G, 'NWw.steel.org. 
5Anterican National Standards lnslitule, 25 West 43rd Street. 4111 Floor. New York, New York 10036, l'"'"w.ansi.om. 
~American Society of Civil Eugineers, 1801 Alexander Bell Drive. Reston. Virginia 20191 -4400, www.asce.org. 
1 ASME Lmemational, 3 Park Avenue, New York. New York 10016-5990. www.asme.org. 
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B 16.47 Large Diameter Steel Flanges: NPS 26 Through NPS 60 (ANSUASME B 16.47) 
OB I Reference Deleted 

Boiler and Pressure \kssel Code, Section V. "Nondestructive Examination:~ Section VID. "Pressure Vessels ... Division I: 
and Section IX. ''Welding and Brazing Qualifications" 

11 1 ASNTH 
CP-189 Standard for Qualification and Certification oFNondest.ructive Testing Personnel 
RP SNT-TC- lA Personnel Qualification and Certtficatfon in Nondest.mcrive Testing 

11 1 ASTM9 

A 6M/ A 6 General Reqairemenrs for Rolled SteeJ Plates. Shapes, Sheet pj/ing. and Bars for Structural Use 
A 20M/A 20 General Requirements for Steel Plates for Pressure 1~ssels 
A 27M/ A 27 Steel Castings. Carbon. for General Application 
A 36M/A 36 Strucllu·al Steel 
A 53 Pipe. Steel, Black and Hot-Dipped. Zinc-Coaled \tli>lded and Seamless 
A 105M/A lOS Forgings. Carbon Steel, for Piping Components 
A I 06 Seamless Carbon Steel Pipe for High-Temperature Service 
A 131 MIA 131 Structural Steel for Ships 
A 181M/A 181 Forgings. Carbon Steel, forCeneral-PurposePipinB 
A 182M/A 182 Forged or Rolled Alloy-Steel Pipe Flanges. Forged Fittings. and Valves and Parts for High-Temperature 

Service 
A 193M/ A 193 Alloy-Stt'eland Stainless Steel Bolting Materials for High-Temperature SN·vice 
A 194M/A 194 Carbon 8./ld Alloy Steel Nuts lor Bolts lor High-Pressure and High-Temperature Service 
A 213M/ A 213 Seamless Ferritic and Austenitic Alloy-Steel BoileT; Superheater. and Heat-Exchanger Tubes 
A 216M/A 216 Standard Specifications lor Steel Ca;ifings for High-Temperature Service 
A 234M/ A 234 Piping Fktings of Wrought Carbon Steel and Alloy Steel lor Moderate and High-Temperature Se1vice 
A 240M/ A 240 Heat-Resisttns Chromium and Chromium-Nickel Stainless Steel Plate. Sheet. and Strip for Pressure W>sseJs 
A 276 Stainless Steel Bars and Shapes 
A 283M/ A 283 Low and lntermediatt" Tensile Strength Carbon Steel Plates 
A 285M/ A 285 Pressure Vessel Plates. Carbon Steel. Low- and Intermediate-TeJJSile Strengt.h 

o7 1 A 307 Carbon Steel Bolts and Studs. 60,000 lbf!in.2 Tensile Strength 
A 3 I 2M/ A 31 2 Seamless alld lAielded Austenitic Stainless Steel Pipes 
A 320M/ A 320 Alloy Steel Bolting Materials for Low-Temperature Service 
A 333M/ A 333 Seamless and Welded Steel Pipe for Low-Temperature Service 
A 334M/A 334 Seamless and Welded Carbon and Alloy-Steel Tubes for Low-Temperature Service 
A 350M/ A 350 Forgings. Carbon and Low-Alloy Steel, Requiring Norch Toughness Testing for PipinB Components 
A 351M/A 351 Castings. Ausrenitic. Austenitk-Ferritic (Duplex). lor Pressure-Containing ParL<; 
A 358M/ A 358 Electric-Fusion-Mlelded Austenilic C/Jmmium-Nickel Alloy Steel Pipe for High-Temperature Service 
A 370 Tesl Met!Jods and Definitions for Mechanical TPsling of Steel Pmducts 
A 380 Cleaning. Descaling. and Passivation of Stainless Steel Parts. Equipment. and Systems 
A 403M/A 403 Wrought Austenitic Swinless Steel Piping Firtings 
A 420M/ A 420 Piping Fittings of vVtvught Carbon Steel and A/Joy Steel for Low-Temperawre S~rvice 
A 479M/A 479 Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure ~ssels 
A 480M/A 480 Flat-Rolled Stainless and Heac-Resistlng Steel Plate. Sheet. and Strip 
A 516M/ A 516 Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Servke 
A 524 Sean1less Carbon Steel Pipe for Atmospheric and Lower Temperatures 
A 537M/ A 537 Pressure \4>ssel Plates. Heat-Treated. Carbon-Manganese-Silicon Steel 
A 573M/A 573 Structural Carbon Steel Plates o/'Improved Toughness 

8American Society for Nondestrurtive Testiflg, l7ll Arlingate Lane, Columbus. Ohio 43228-0518. www.asnt.org. 
!IASTM. 100 Barr Harbor Drive, West Conshohocken, Pennsylvania 19428·2959, www.astrn.org. 
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A 633M/A 633 Nommlized High-Strength Low-Alloy Structural Steel 
A 662M/ A 662 p, essure ~essPI Plates. Carbon-Manganpse. for Moderate and Loner Temperature Service 
A 671 Electric-Fusion-Welded Strel Pipe for AtJilospheric and Lower IemperotUieS 
A 678M/ A 678 Quenched and Tempered Carbon-Steel and High Strength L01~-AI/oj Steel Plates for Structural Applicalions 
A 737M/ A 737 Pressure li>ssel Plates. Higb-Strengtli. Low-Alloy Steel 
A 841M/A 841 Standard Specification for Steel Plates for Pressure Vessels, Produced b; the Thenno-Mechanical ConllVI 

Process (Ji\lCP) 
A 924M/ A 924 General Requirements for Steel Sheet. Metallic-Coated by the Hot-Dip Pmcess 
A 992M/ A 992 S1ee/ for Structural Shapes for Use in Buildin!J Framing 
A I 0 11 M/ A l 01 1 Standard SpPcification for Sreel. Sheer and Strip. Hot-Rolled. Carbon. StrucruraJ. l flgh-StrengtiJ Low

Alloy and High-!Jrrength Low-Alloy with improved Formability 
C 509 C11llular Electromet.ric Preformed Gasket and Sealing MatPrial 
0 345~ Flexible Ce//ular Matt'rials-Urethmle for Furniture and AtJfomotive Cushioning. Bedding. and Similar 

Applications 
E 84 Test Mer/Jod for Surface Burning Characteristics ofBuilding Materials 

AWS 10 

ASI 
A5.5 
01.2 

CSA 11 

Specification for Carbon Steel Covered Arc- 'r\f>lding Electrodes (ANSJIAWS .45.1) 
Specification for Low-Alloy Steel Covered Air-Welding Flertrodes (ANS!IAWS A5.5) 
Structural Welding Code-Aluminum (ANSJ/AWS Dl.2} 

G40.21 Structural Qualiry Steels. Supplement to National Building Code of Canada 

ENI2 

EN I 0025 Hot Rolled Products of Savctural Steels 

ISQI:l 

630 Su·ucwral Steels 

NrPA14 

NFPA II 
NFPA 30 
NFPA 780 

Standard for Luw expansion Foam 
Hammable and Combustible Liquids Code 
Standa1d for tl1e Installation of Lightning Proteclion Sys1ems 

Process Industry Praclicesl5 
PIP STF0550 I Fixed Ladders and Cages Details 
PIP STF05520 PipP Railing for l~lking and ~ibrking Surfnce Details 
PLP STF05521 DetaHs for Angle Ramngs for l"'alklng and 11brking Sudact~ 

U.S.l:.PA16 

40 CPR Parr 63 National Emission Standards for Hazardous Air Pollutants for Source Categories (HON) 
Subpart F National Emission Standards lor Organic Hazardous Air Pol/wants from the Synthetic Organic Chemi

cal Manufacturing Industry 

I 
07 

II 

07 

10American Welding Society. 550 N.W. LeJeune Road. Miami, Florida 33126. www aws.orll. 
11 Canadian Swndards Assoclmlon. 178 Rexdale Boulevard. Rexdale. Onta1io M9W 1 R3. "'W\\.rSi!.Ci'l. 
12European Commiltee for Standardization, Avenue Marnix 17. B-1000, Brussels. Belgium. www.cen.eu. 11 t 
131mernatlonal Organization for Standardization. JSO publication!> can be obtained from the American National Standards I11stituiE' (ANSI) 
and national standards organizations such as the British Standards ln!>llrut!' (BSI), Japanese Industrial Staudards UIS). and Deutsches Ins1itu1 
fuer Normung (German lnstitule for Standardization [DlNl), www.iso.ch. 
14National Fire Protection Agenry. I Batterymarch Park, Quincy, Massachusetts 02169 747 4. www.nfpa.org. 
15Process Industry Practices, 3925 West Braker Lane (R4500). Austin, Texas 78759. www.pip.ccg. 
tr.u.s. Envlronn1C11tal Protection Agency. Ariel Rios Building. 1200 Pennsylvania Avenue. Washington, D.C. 20460, www.epa.gov. 
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Subpart G 

SubpartH 
4 0 CFR Part 68 

Subpar! G 
40 CFR Part 264 

Subpart] 

API STANDARD 650 

National Emission Standards for Organic Hazardous Air Pollutants flvm the Synthetic Organic Clu!mi· 
cal Manufacturing IndusLrJ for Prvcess 1rents. Storage lressels, Transfer Operators. and !Mtste IM:Iter 
National Emission Standards forOiganic Hazardous Air Pollutants lor Equipment Leaks 
Chemical Accident Prevention Provisions 
Risf.. !vf?mageme.nt Plan (RMP) 
Standards for Owners and Operators of Hazardous Waste Treatment. Storagf'. and Disposal Facilities 
(RCRA) 

Tank SyJtems 

U.S. Fe<le>ral Speciflcations17 
Tf-S-00230C Sealing Compow1d Dec(rometric Type, Single Component for Caulldng, Sealing, and Glazing in Buj/dings 

and Orher St.ruclures 
ZZ-R·765C Rubber, Silicone (General Specification) 

U.S. OSHAll! 
29 CFR 1910 Subpart D: Walking-Working Surfaces 
29 CFR I 910. 11 9 P1vcess Safety Management of Highly Hazardous Chemicals 

Othe>r Government Documents 
Hershfield, D. M. 1961. 

WRC19 

"Rainfall Frequency Atlas of the United Slates for Durations from 30 Minutes to 24 Hours and 
Return Periods from 1 to 100 Years," Technical Paper No. 40. Weather Bureau. U.S. Depart· 
rnenl of CommerCf.', Washingron. D.C .. 115 pp. 

Bulletin 297 Local Stresses in Cylindrical Sheffs Due to External Loadings- Supplement to WRC Bulletin No. 107 

l7SpecificationsUnit (WFSlS). 7th and D Srreets, S.W .. Washinglon. D.C. 20407. 
18U.S Department of Labor. Occupa1ional Safery and Ht>,'lltil Admlnistmtion. 200 Constitu1ion Avenue. N.W .. Washingion. D.C. 20210 WW\.Y,osha.gov. 
19 "nle WeldiJ1g Research Council. 3 Park Avenue, 271h Floor, New York, N~w York 10016-5902, www.fort:>ngineers.org. 



SECTION 3-DEFINITIONS 

3.1 centerline-stacked: Tile mid-thickness centerlines of plates in all shell courses coi ncide. 

3.2 coating: A tenn that includes protective materials app.lied to or bonded to tank swfaces, including paint. protecrive metals 
(e.g., galvanizing or cadmium plating). adhered plastic or polyolefln materials. Coatings are used for atmospheric, immersion, or 
vapor-space service. 

3.3 contract: The commercial instrument, including all attachments, used to procure a tank. 

3.4 corroded thickness: A design condJtion equal to tl1e nominal thickness less any specified corrosion allowance. 

3.5 corrosion a llowance: Any additional thickness specified by the Purchaser for corrosion during the tank service life. 
Refer to 5.3.2. 

3.6 desig n metal temperature: The lowest temperature considered in the design, which, unless experience or special local 
conclitions justify anotJ1er assumption, shall be assumed to be 8qC (l5°F) above the lowest one-day mean amblent temperature of 
the locality where the tank is to be installed. [sothermal lines of lowest one-day mean temperature are shown In Figure 4-2. The 
temperatures are not related to refrtgerMed-tank temperatures (see 1.1.1). 

3,7 design thickness: The thickness necessaty to satisfy tension and compression strength requirements by this Standard or. 
in the absence of such expressions. by good and acceptable engineering practice for specified design conditions. wit hout regard to 
rrmstruction limitations or corrosion allowances. 

3.8 double -deck floating roof: The entire roof is constructed of closed-top notation compartments. 

3.9 floating suction line: IntemaJ piping assembly that allows operator to withdrc~w product from the upper levels of the 
tank. 

3.10 flush-stacked on the ins ide: The Inside surfaces of plates in all shell courses coincide. 

3.11 inlet diffusers: Internal !'ill line piping with impingement plate, bartles. slots, or lateral openings to reduce lhe velocity 
of the now entering a tank. u 

3.12 ins pector: The person(s) designated by tbe Purchaser to perform inspections. 

3.13 liner: A protective matelial used as a barrier but not adhered. nor bonded. to the protected surface. TypicaUy used (I) 
inside a lank to protect steel. (2) under a tank for leak detection (as a '' release prevention barrier"). (3) in a dike yard. or (4) on the 
dik('S as secondary containment. Common examples are sheeting made from lead. rubber. plasfic. polyolefin. or geosyntbelic clay 
(bentonite) , A liner is not a coating. 

3.14 lining: An internal coating Utat consists of an applied liquid material which dries and adheres to 1he substrate, or a sheet 
material that is bonded to rhe substrate. It is designed for immersion service or vapor-space service, A lining can be reinforced or 
unreinforced. 

3.15 mandatory: Required sections of the Standard become mandatory if the Standard has been adopted by a Legal Jurisdic
tion or if the Purchaser and rhe Manufacturer choose to make reference to this Standard on the nameplate or in the Manufacturer's 
certification. 

3.16 Manufacturer: The party having the primary responsibility to construct the tank (see L3 and 10.2). 

3.17 maximum design temperature: The highest temperature considered in the design, equal to or' greater than the highest 
expected operating temperature during the service life of the tank. 

3.18 nomina l thickness: The ordered thickness of the material. Titis thickness includes any corrosion allowance. and is 
used for determination of PWHT requirements. weld spacing. minimum and maximum thickness I imitations, etc. 

N01e: The thickness used in the final structure is the nominal thickness plus or minus any tolerance allowed by this standflrcl. 

3.19 Purchas er: The owner or the owner's designated agent. such as an engineering cootraclor. 

3.20 Purchaser's o ption: A choice to be selected by the Purchaser and indicated on the Data Sheet. When Lite Purchaser 
specifies an option covered by an appendix, the appenclix then becomes a requirement. 

3·1 
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3.21 recommendation: The criteria provide a good acceptable design and may be used atlhe option of the Purchaser and the 
Manufacturer. 

3.22 requirement : The criteria must be used unless the Purchaser and the Manufacturer agree upon a more stringent alterna
tive design. 

3.23 single-deck pontoon floating roof: The outer periphery of the roof consists of closed-top pontoon compartments. 
with the inner section of the roof constructed of a single deck without notation means. 

3.24 Welding Terms 

The terms defined in 3.24.1 through 3.24.21 are commonly used welding terms mentioned in this standard. See 5.1.5.2 for 
descriptions of fusion-welded joints. 

3.24.1 automatic welding: Welding with equipment which performs the welding operation without adjustment of the con
trols by a welding operator. The equipment may or may not perform the loading and unloading of the work. 

3.24.2 backing: The material- metal, weld metal, carbon, granular flux. and so forlh- rhat backs up the joint dming welding 
to facjlitate obtaining a sound weld at the root. 

3.24.3 bas e metal: The metal or alloy that is welded or cut. 

3.24.4 depth of fus ion: The distance that fusion extends into the base metal from the surface melted during welding. 

3.24.5 filler metal : Metal or alloy to be added in making a weld. 

3.24.6 fusion: The melting together of filler meral and base metal. or the melting of base metal only, which results in 
coalescence. 

3.24.7 heat-affected zone: The portion of the base metal that has not been melted but whose mechanical properties or 
11 mk.rostructures have been altered by the heat of welding or cutting. 

3.24.8 joint penetration: The mlnimwn depth a groove weld extends from its face into a joint, exclusive of reinforcement. 

3.24.9 lap joint: A joint between two overlapping members. An overlap is the protrusi!)n of weld metal beyond the bond at the 
toe of the weld. 

3.24.10 machine welding: Welding with equipment that performs the welding operation under constant observation and 
control of a welding operator. The equipment may or may not perform the loading and wlloading of the work. 

3.24.11 manual welding: Welding wherein the entire welding operation is performed and controlled by hand. 

3.24.12 oxygen cutting: A group of cutting processes wherein the severing of metals is effected by means of the chenlical 
reaction of oxygen with the base metal at elevated temperatures. ln case of oxidation-resistant metills, the reaction is facilitated by 
the use of a flux. 

3.24.13 porosity: The existence of gas pockets or voids in metal. 

3.24.14 reinforcement of weld: Weld metal on the face of a groove wf'lrl in excess of the metal necessary for the specified 
weld size. 

3.24.15 semiautomatic arc welding: Arc welding wilh rquipmenl that controls only ll1e fUier metaJ feed. The advance of 
the welding is manually controlled. 

3.24.16 slag inclusion: Nonmetallic solid material entrapped in weld metal or between weld metal and base metal. 

3.24.17 undercut: A groove melted into the base metal adjacent to the toe of a weld and left unfilled by weld metal. 

3.24.18 weld metal : 1he portion of a weld that has been melted during welding. 

3.24.19 welded joint: A union of two or more members produced by the application of a welding process. 

3.24.20 welder: One who performs manual or semiautomatic welding. 

3.24.21 welding operator: One who operates automatic or machine welcting equipment. 



SECTION 4-MATERIALS 

4.1 GENERAL 

4.1.1 Miscellaneous 

4.1.1.1 See the Data Sheet for material specifications. 

4.1.1.2 Rl mmed or capped steels are not permitted. 

4.1.1.3 Use of cast iron for any pressure part or any pa.t attached to t·he tank by welding is prohibited. 

• 4.1.1.4 Because of hydrogen embrittlement and toxicity concerns, cadmium-plated components shall not be used without the 
expressed consent of the Purchaser. 07 

• 4.1.2 Materials used in the construction of tanks shall conform to the specifications listed in this section, subject to the modifi
cations and limitadons indicared in this Standard. Mate•iaJ produced to spectllcalions other than those JJsted in this section may be 
employed, provided that lhe material is certified to meet all of the requirements of an applicable material specification !Lsted in 
U1is Standard and the material ·s use Is approved by the Pw·chaser. The Manufacturer's proposal shall identify the matetial specifi· 
cations to be used. When this Standard does not address material requirements for miscellaneous items and appurtenances, the 
Purchaser and/or the Manufacturer shall supply additional material requirements using a supplement to the Data Sheet. 

• 4.1 .3 When any new or unused plate and pipe material cannot be completely identified by records that are satisfactory to dte 
Purchaser as material conform ing to a specification listed in this Standard, rhe material or product may be used in the const.ruclion 
of tanks covered by this Standard only if the material passes the tests prescribed in Appendix N. 

4.1.4 Where materials of construction are used that are ce1tifled to two or more material specifications, the material specifica
tion chosen for the design calculations shall also be used consistently in the appUcation of all other provisions of lhis Standard. 
The Purchaser shall be notified of this choice and recejve conflrmation that the material fully complies wiU1 Ute chosen material 
specification in all respects. 

4.1 .5 When a tank is designed to the requirements of this Standard using plate material from Group-1 through Group-llfA 
steels. the tank Manufacturer responsible for any proposed material substitution to use Group-N through Grou~-Vl steels must : 

a_ Maintain all of t11e original design criteria for the lovver stress Group-! t11rough Group lllA steels. 

• b. Obtain tJ1e prior written approval of the Purchaser. 

c. Ensure that all of the design, fabricatio•'l. erection and inspection requirements for t11e material being substituted will meet the 
lower stress Group-I through Group IliA specifications for items including but not limited to: 

I. Material properties and production process methods. 

2. Allowable stress lev€'\s. 

3. Notch toughness. 

4. Welding procedures and consumablcs. 

5. Thermal stress relief. 

6. Temporary and permanent artachment detai Is and procedures. 

7. Nondestructive exanunations. 

d. Include the pertinent information in the documents provided to the Purchaser. including a certification statement that the sub
stituted material fully complies with 4.1.5 in all respects. and provide all other records covered by the work processes applied to 1 11 
U1e material such as impact testing, weld procedures, nondestructive examinations, and heat t.reatrnents. 

4.2 PLATES 

4.2. 1 General 

4.2.1.1 Except as otherwise provided for in 4.1. plates shall conform to one of the specifications listed in 4.2.2 through 4.2.6. 1 11 
subject to the modifications and limitations in li'Jis Standard. 

4-1 
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4.2.1.2 Plate for shells, roofs, and bottoms may be ordered on an edge-thjckness basis or on a weight (kg/m2 llbJft2]) basis, as 
specified in 4.2.1.2.1 through 4.2.1.2.3. 

4.2.1.2.1 The edge thickness ordered shaJJ not be less than Lhe computed design thickness or the minimum permHled thickness. 

4.2.1.2.2 The weight ordered shall be great enough to provide an edge thickness not less t11an the computed design thickness or 
the minimum permined thickness. 

os l 4.2.1.2.3 Whether an edge-thickness or a weight basis is used. an underrun not more than 0.3 mm (0.01 in.) ftorn the computed 
design thickness or the minimum pennitted d1ickness is acceptable. 

11 

• 4.2.1.3 All plates shall be manufactured by the open-hearth, electric-furnace, or basic oxygen process. Steels produced by the 
thermo-mechanical control process (TMCP) may be used, provirled that the combination of chemical composition and inte
grated controls of the steel manufacturing is mutually acceptable fo the Purchaser and th~ Manufacturer. and provided that the 
specified mechanical properties in the required plate thicknesses are achieved. Copper-bearing steel shall be used if specified by 
the Purchaser. 

4.2.1.4 Shell plates are limited to a maximum U1ickn~ of 45 mm (1. 7 5 in.) unless a Jesser rJlickness is stated in this Standard 
or in the plate specjfication. Plates used as inserts or flanges may be thicker than 45 mm (1. 7 5 in.). Plates, as designated in 4 .2.9.1 
and thicker than 40 mm (1.5 in.), shall be norn1alized or quench tempered, killed, made to fine-grain practice, and impact tested. 

4.2.1 .5 Plate components not listed in Section 4.2.9. 1 (i.e .. nonpressw·e boundary compression components) shall be limited to 
the maximum thickness as designated by ASTM. CSA. ISO, EN. or other recognized national standard. 

4.2.2 ASTM Specifications 

Plates that conform to the following ASTM specifications are acceptable as long as the plates are within the stated limitations; 

os l a. ASTM A 36M/A 36 for plates to a maximum thickness of 40 rnrn (L.5 in.). None of the specifications for the appurtenant 
materials Hsted in Table l of ASTM A 36M/A 36 are considered acceptable for tanks constructed under this Standard unJess it is 
expressly stated in this Standard that the specifications are acceptable. 

I 
b. ASTM A 131M/A 131, Grade A, for plates to a maximum thickness of 13 rnm (0.5 in.) ; Grade B for plates to a maximum 

11 thickness of 25 mm {1 .in.) ; and Grade EH36 for plates to a maximum thickness of 45 rnm (1.75 in.) (insert plates and flanges to a 
maximum thickness of 50 mm [2 ln.]). 

c. ASTM A 283M/A 283, Grade C. for plates to a maximum thickness of25 mm (1 in.). 

d. ASTM A 285M/A 285. Grade C, for plates to a maKimum thickness of 25 mm (I in.). 

e. ASTM A 516M Grades 380, 415. 450. 485/A 5J 6, Grades 55, 60. 65. and 70. for plates to a maximum thickness of 40 mm 
(L5 in.) (inse1't plates and flanges to a maximum thickness of 100 mm [4 in. I). 

f. ASTM A 537M/A 537. Class 1 and Class 2. for plates to a maximum thickness of 45 mm (1.75 in.) (insert plates to a maxi
mum thickness of 100 mm [4 in,]) . 

g. ASTM A 573M Grades 400,450. 485/A 573, Grades 58. 65, and 70, for plates to a maximum thickness of 40 mn1 (1.5 in.). 

h. ASTM A 633M/A 633. Grades C and D. for plates to a maximum thickness of 45 mnt (J .75 in.) (insert plates to a maximum 
th ickness of 100 mm [4.0 in. I). 

i. ASTM A 662M/A 662, Grades Band C, for plates to a maximum thickness of 40 mm (1.5 in.). 

j. ASTM A 678M/A 678, Grade A. for plates to a maximum thickness of 40 mrn (1.5 in.) (insert plates to a maximum thickness 
of 65 mm [2.5 in,l) and Grade B for plates to a maximum thickness of 45 mrn (1.75 in.) (insert plates to a maximum thickness of 
65 mm f2.5 in.1). Boron additions are not permilted, 

k. ASTM A 737M/ A 737, Grade B. for plates to a maximum thickness of 40 mm (1.5 in.). 

I. ASTM A 841 M/ A 841 Grade A. Class 1 and Grade B. Class 2 for plates to a maximum thickness of 40 mm ( 1.5 in.) (insert 
places to a maximum thickness of 65 mm [2.5 in.]). 
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4.2.3 CSA Specifications 

Plate furnished to CSA G40.2J in Grades 260W/(38W), 300W(44W). and 350W/(50W) is acceptable within d1e limitations stated 
below. (If impact tests are required. Grades 260W/(38W]. 300W/[44W]. and 350W/I50WI are designared as Grades 260WT/ 
[38WT]. 300WT/[44WT], and 350WT/[50WT1. respectively.) Imperial unit equivalent grades of CSA Specification G40.2l. 
shown in parenthesis. are also acceptable. 

a. TheW grades may be semi-ki lled or fully ki lled. 

b. Fully killed steel made to fine-grain practice must be specified when requiJed. 

c. Elements added for grain refining or strengthening shall be resttictecl ln accordance wiU1 Table IJ-1. 

d. Plates shall have tensile strengths that are not more tha11 140 MPa (20 ksi) above the rninimum specified for the grade. 

e. Grades 260W/(38W) and 300W(44W) are acceptable for plate to a maximum thickness of 25 mm (1Ln.) if semi-killed and w 
a maximum thickness of 40 mnl (1.5 in,) if fully killed and made to fine-grain practice. 

Grade 350W(50W) is acceptable for plate to a maximum thickness of 45 mm (1.75 in,) (insert plates to a maximum thickness of 
100 mm [4 in.J) if fully killed and made to floe-grain practice. 1 os 

• 

Colwnbiurn 

Vanadium 

Alloy 

Columbium (5 0.05%) plus 

Vanadium 

Nitrogen 

Copper 

Nickel 

Chromium 

Molybdenum 

Table 4-1-Maximum Permissible Alloy Content 

Heat Analysis (%) 

0.05 

0.10 

0.10 

0.015 

0.35 

0.50 

0.25 

0.08 

Notes 

1. 2. 3 

1. 2. 4 

l. 2. 3 

I , 2, 4 

1.2 

1.2 

1.2 

1.2 

1. When the use of these alloys nr combination$ of them is not included in the material specifit'CitiDII, thelr use shall be at the 
option of the plate produrer, subject to the approvnl of the Purchaser. The$e elements shaU be reported when requested by 
the Purchaser. When more restrictive limitations are included in the material specification. rnose shall govern. 
2. On product analysis. the material shall confornl to these requirements. subject to the product analysis tolerances of the 
speci A calion. 
3. When colurnl>ittm is added either singly or in combination with vanadi11m. it shall be restricted to plates of I 3 mm I 08 
(0.50 in.) maximum Lhickness unless combined with 0.15% minimum sllicon. 
4. When nitrogen (5 0.015%) is added as a suppJemenr to vanitdiuru, it shall be reported, and the minimum ratio ofvana 
dium to nitrogen shall be 4:1. 

4.2.4 ISO Specifications 

Plate furnished to ISO 630 in Grades E 275 and E 355 is acceptable within the following limitations: 

a. Grade E 275 in Qualities C and D for plate to a maximum lhickness of 40 mm (1.5 in.). 

b. Grade E 355 in Qualities C and D for plate to a maximum dlickness of 45 mm (1. 75 in.) (insert plates to a maximum thickness 
of 50 mm [2 in.]). 

4.2.5 EN Specifications 

Plate furnisl1ed to EN 10025 in Grades S 275 and S 355 is acceptable within the following limitations: 

a. GradeS 275 in Qualities JO and j2 for plate to a maximum tllickness of 40 nun (1 .5 in.). 

b. Grdde S 355 in Qualities JO. ]2 and K2 for plate to a maximum thickness of 45 mm {1 .75 in.) [insert plates to a maximum 
thickness of 50 mm (2 in.)]. 

I II 

u 
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11 1• 4.2.6 National Standards 

Plates produced and tested in accordance wrrh the requirements of a recognized national standard and within the mechantcal 
and dremicallirnitations of one of the grades listed in Table 4-2 are acceptable when approved by the Purchaser. The require

Il l ments of this group do not apply to the ASTM. CSA.lSO. and EN specifications list·cd in 4.2.2. 4.2.3. 4.2.4. and 4.2.5. For the 
purposes of this Standard. a national srandard is a standard that has been sanctioned by the government of the country from 
which the standard originates. 

Table 4-2-Acceptable Grades of Plate Material Produced to National Standards (See 4.2.6) 

Mechanical Properties Chemical Composition 

Maximum 
Tensile Strength~ Minimum Maximum Prrcent 

Yield Maxlmum Percent Phosphorus and 
Minimum' Maximum Strength'~ Thickness Carbon Sulfur 

Gradeb MPa ksi MPa ksi MPa ksi mm in. Hear Product lieat Product 
235d 360 52 510 74 235 34 20 0.75 0.20 0.24 0.04 0.05 
250 400 58 530 77 250 36 40 1.5 0.23 0.27 0.04 0.05 
275 430 62 560 81 275 40 40 1.5 0.25 O.Z9 0.04 0.05 

aThe location and number of test specimens. elongation and bend tests, and acceptance cri!erfa are to be In accordance with the appropriate 
national standard, ISO sta11dard. or ASTM spt'rification. 

11 1 bSemi·killeo or fully killed Q\lality: ns rolled orTMCP (20 mm 10.75 in.] maximum wht>n TMCP is used in place ofnom1alized steel), or nor· 
mali zed. 

• tYield strength ~ tensile strenglh :$0.75. bas~d on the minimum specified yield and tensile strength unless actual lest values are required by the 
Purchaser. 
1'Nonrimming only. 

4.2.7 General Requirements for Delivery 

4.2. 7.1 The material ftu'llished shaU conform to the applicable requirements of the listed specifications but is not restricted with 
respect to I he location of the place of manufacture. 

4.2. 7.2 This material is intended to be suitable for fusion welding. Welding technique is of fundamentallmportdnce. and weld
ing procedures must provide welds whose strength and toughness are consistent with the plate material being joined. All welding 
performed to repair sut'face defects shall be done With low-hydrogen welcUng electrodes compatible in chemistry. strength. and 
quality with the plate material. 

4.2.7 .3 When specified by d1e plate purchaser. the steel shall be fully killed. When specified by the plate purchaser, fully killed 
steel shall be made to fine-grain practice. 

4.2. 7.4 For plate that ls to be made to spedficatlons that limit the maximum manganese content to less than 1.60%. the limit of 
the manganese content may be increased to 1.60% (heat) at the option of the plate producer to maintain the required strength 
level. provided that the maximum carbon content is reduced to 0.20% (heat) and the weldability of the plate is given consider
ation. The material shall be marked ·'Mod" following the specification listing. The material shall conform to the product analysis 
tolerdnces ofTahle B in ASTM A 6M/A 6. 

4.2.7 .5 The use or presence of columbium. vanacUum. nitrogen. copper. nickel. chromium, or molybdenum shall not exceed the 
o!l 1 limitations of Table 4 . J for all Group VI materials (see Table 4-4a and Table 4-4b) and ISO 630, Grade E 355. 

4.2.8 Heat Treatment of Plates 

4.2.8.1 When specified by the plate purchaser. fully killed plates shall be heat treated to produce grain refinement by either nor
malizing or heating uniformly for hot forming. If the required treatment is to be obtained in conjunction with hot forming, the 
tem11erature to which the plates are heated for hot fonning shall be equivalent to and shalJ not signitlcantly exceed the normaliz
ing temperature. If the treatment of U1e plates is not specified to be done at the plate prod ucer's plan~ testing shall be carried out in 

11 1 accordance with 4.2.8.2. 
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4.2.8.2 When a pi<Jte purchaser elects to perfom1 the reQuired normalizing or fabricates by hot forming (see 4.2.8.1) , the plates 1 u 
shall be arcepted on the basis of mill tests made on full-tbickness specimens heat treated in accordance with the plate purchaser ·s 
order. Jf the heat-treatment temperatures are not indicat·ed on the contract. the specimens shall be heat treated under conditions 
considered appropriate for grain refinement and for meeting the test requirements. The plate producer shall infoml the plate pur
chaser of the procedure followed in treating the specimens at the steel mill. 

4.2.8.3 On I he purchase order. the plate purchaser shall indicate to the plate producer whether the producer shall perform the 
heat treatment of the plates . 

4.2.8.4 The tensile tests shall be performed on each plate as heat treated. 

4.2.8.5 Deleted. 

4.2.9 Impact Testing of Plates 

11 

• 4.2.9.1 When required by the Purchaser or by 4.2.8.4 an<i 4.2.1 0. a set ofCharpy V-notch impacl specimens shall be laken from 
plates after heat treatment (if the plates have been heat treated), and the specimens shall fu I fill the staled energy requi re111euts. Test 
coupons shall be obtained adjacent to a tension-test coupon. Each full -size impact specimen shall have its central axis as close to 
the plane of one-quarter plate thickness as the plate thickness will permit. 

4.2,9.2 When it is necessary to prepare test specimens from separate coupons- or when plates are furnished by the plate pm
ducer in a hot-rolled condition with subsequent heat treatment by the fabricator. the procedure shall confonn to ASTM A 20. 

4.2.9.3 An impact test shall be performed on three specimens taken frolll a single test coupon or test location. The average 
value of the specimens (with no more than one specimen value being less than the specified minimum value) shall comply with 
the specified mjnimum value. If more than one value is less than the spetit'ied minimum value. or if one value is less lhan two
thirds the specified minimum value, tbret' additional sped mens shall be tested, and each of these must have a value greate1' than or 
equal to tJ1e specified minimum value. 

4.2.9.4 The lest specimens shall be Charpy V-notch Type A specimens (see ASTM 1\ 370), with the notch perpendicular to the 
surface of the plate being tested. 

4.2.9.5 For a plate wbose thickness is insufficient to pem1it preparation of full-size specimens l lO mm "< 10 mn1 (0.394 in. '< I 
0.394 in.l. tests shall be made on the largest subsize specimens that can be prepared from the plate. Subsize specimens shall have 08 

a WidLh along the notch of at least 80% of the material thickness. 

4.2.9.6 The impacl energy values obtained from subsize specimens s11allnot be less than values that are proporhonaJ to the 
energy values required for fu ll-size specimens of U1e same material. 

4.2.9. 7 The testJng apparatus. including the calibration of impact mad1ines and the permissible variations in the temperature of 
specimens. shall conform to ASTM A 370 or an equivalent testing apparatus conforming to national standards or lSO standards. 

4.2.10 Toughness Requirements 

4.2.10. 1 The thickness and design metal temperature of all shell plates. shell reinforc1ng plates. shell insert plates. bottom 
plates welded to the shell, plates used for manhole and nozzle necks. plate-riJ1g shell-nozzle flanges. blind flanges, and manhole 
cover plates shall be in accordance with Figures 4- ta and 4-lb. Notch louglmess evaluation of plate-ring flanges, blind flanges. I 
and manhole cover plates shall be based on "governing Ulickness" as drfined Ln 4.5.4.3. Tn adctition, plates more than 40 mm (1.5 °9 

in.) thick shall be of kilJed steel made to fine-grain practice and heat treated by normalizing. nom~aHzing and tempering. or 
qu~nching and tempering. and each plate as heat treated shaJl be impact tested according to 4.2. ll.2. Each TMCP A 841 plate-as- I n 
rolled shall be impact tested. 1mpact test temperature and required energy shall be in accordance with 4.2.11.2 in lieu of the 
default temperature and energy given in A 841 . 

4.2.10.2 Subject to the Purchaser's approval. thermo-mechanical-control-process (TMCP) plates (plates produced by a 
mechanical-thermal rolling process designed to enhance notd1toughness) may alternatively be used where heat treated plates are 
normally required by 4.2. J 0.1 because of thickness over 40 mm (1.5 in.). In this case. each TMCP plate-as-rolled shall receive 11 

Charpy V-notch impact energy testing in accordance with 4.2.9. 4.2.10. and 4.2.11. When TMCP steels are used, consideration 
should be given to the service condmons outlined in 5.3.3. 
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Notes: 
1. The Group II and Group V lines coincide at thicknesses less than 13 mm. 
2. The Group Ill and Group lilA lines coincide at thicknesses less than 13 mm. 
3. The materials in each group are listed in Table 4-4a and Table 4-4b. 
4. Nole 4 deleted. 
5. Use the Group IIA and Group VIA curves for pipe and nanges (see 4.5.4.2 and 4.5.4.3). 
6. Unear equations provided in Table 4-3a can be used to calculate Design Metal Temperature (DMT) lor each API material group and the 

thickness range. 

Figure 4-1 a- (SI) Minimum Permissible Design Metal Temperature for Materials Used in Tank 
Shells without Impact Testing 

• 4.2.10.3 Plates less than or equal to 40 mm (1.5 in.) thick may be used at or above ihe design metal temperatures indicated in 
Figures 4-1a and 4- J b withoul being Impact tested. To be used at design metal temperatures lower than I he temperatures indicated 
in Figures 4-la and 4-lb. plates shal l demonstrate adequate notch toughness in accordance with 4.2.11.3 unless 4.2.11.2 or 
4.2.11.4 has been specified by the Purchaser. For heat-treated material (normalized, normalized and tempered, or quenched and 
tempered), notch toughness shall be demonstrated on each plate as heat treated when 4.2. 11.2 requirements are specified. £so ther
mal li.nes of lowest one-day mean temperature are shown in Figure 4-2. 

4.2.10.4 Plate used to reinforce shell opt>nings and insert plares shaU be of the same material as the shell plate to which they are 
attached or shall be of any appropriate material listed in Table 4-4a, Table 4-4b. Figure 4-la, and Figure 4-1 b. Except for nozzle 
and rnanway necks, the material shall be of equal or greater yield and tensile strength and shall be compatible with the adjacent 
shell material (see 4.2.10.1 and 5.7.2.3. Item ct). 

4.2.10.5 The requirements in 4.2.10.4 apply only ro shell nozzles and manholes. Materials for roof nozzles and manholes do 
not requ ire special toughness. 

4.2.11 Toughness Procedure 

4.2.11 .1 When a material's toughness must be determined. ir shall be done by one of the procedures described in 4.,2.1 1.2 
through 4.2.11.4 , as specified in 4.2.10. 
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Notes: Thickness, including corros1on allowance 

1. The Group II and Group V ltnes coincide at lhicknesses less than 1/2 in. 
2. The Group Ill and Group lilA lines coincide at thicknesses less than 112 in. 
3. The materials in each group are listed in Table 4-4a and Table 4-4b. 
4. Note 4 deleted. 

5. Use the Group IIA and Group VIA curves for pipe and nanges (see 4.5.4.2 and 4.5.4.3). 
6. linear equations provided in Table 4-3b can be used to calculate Design Metal Temperature (DMT) for each API material group and the 

thickness range. 

Figure 4·1 b-(USC) Minimum Permissible Design Metal Temperature ror Materials Used in Tank 
Shells without Impact Testing 

4.2.11.2 Each plate as rolled or heat treated shall be impact tested in accordance with 4.2.9 at or below the design metal tern· 
perature to show Charpy V-nolcb longitudinal (or transverse) values that fulfill the minimum requirements of Table 4-Sa and 
Table 4-Sb (see 4.2.9 for the minimum values for one specimen and for subsize specimens). As used here. the term plate as 
rolled refers to !.he unit plate roiJed from a slab or directly from an ingot in its relation to the location and nwnber of sped mens. 
not to the cond ition of the plate. 

4.2.11.3 For plate in U1e as-rolled condition. the thickest plate from each he.at shall be impact tested. For TMCP material. each 
plate-as-rolled shall be impactrested.lmpacllesting shall be in accordance with 4.2.9 and shall fulfill the in1pact requirements of 
4.2. 11.2 at the design metal temperature. 

• 4.2.11.4 The Manufacturer shall submit to the Purchaser test data for plates of the material demonstrating that based on past 
production from the same mill. the materia l has provided !.he required toughness at the design metal temperature. 

4.3 SHEETS 

Sheets for fixed and floating roofs shall conform to ASTM A LO li M, Gr·ade 33. They shall be made by t:he open-hearth or basic 
oxygen process. Copper-bearing steel shall be used if specified on the purchase order. Sheets 111ay be ordered on either a weight or 
a thickness basis. at the option of t11e tank ManufacturPr. 
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4-8 API STANDARD 650 

Table 4-3a-(SI) Linear Equations for Figure 4-1a Table 4-3b-(USC) Linear Equations for Figure 4-1 b 

API API 
Group# Thickness Range Equation Group# Thickness Range Equation 

6SX< 13 Y = 0. 71 4X - I 6.286 I 0.25 S X< 0.5 Y=40X 

13 S X S 25 Y~l.417X 25.417 I 0.5SX S 1,0 Y=60X - 10 

I I 6SX< 13 Y = 0.634X · 3J.8J ll 0.25 S X< 0.5 Y = 30.4X - 25.6 

II 13 S X S 40 Y = 1.24JX - 39.72 u 0.5 $ xs 1.5 Y = 60.4X - 40.6 

liA 10 ~ X < l3 Y = 2.667X - 55.667 l!A 0,375 S X< 0.5 Y = 120X · 65 

IIA 135 X S 19 Y = 2X - 47 IIA o.s sx s0.75 Y = 80X - 45 

IIA 19 $ X$ 40 Y = 0.905X - 26.19 llA 0.75SX$],5 Y = 46.667X - 20 

fii Bsx < 13 y =- 40 Ill 0.25$ X< 0.5 y =- 40 

Ill 13$ X <40 y = L.222X- 55.8!1 III 0.5 sx $1.5 Y = 60X - 70 

filA 6$ X S 40 y =- 40 lilA 0.25 S X $1.5 y =- 40 

IV 6SX :S40 Y = 0.7059X - 18.235 IV 0.25 $ X :S 1.5 Y=34 .4X-1.6 

IVA 6s x s40 Y = 0.7353X - 23.412 IVA 0.25 s X s 1.5 Y = 36X - 12 

v 6s x s 40 Y = 0.617GX - 31.71 v 0:25 s X :S ],5 Y = 30.4X- 25.6 

Vl, VIA GS X $40 Y = 0.4112X - 40.471 Vl. VlA 0.25 s X :S 1.5 Y = 20X - 41 

Y = Design Metal Temperature ("C) Y =Design Metal Temperaturt> (°F) 
X = Tliickness including ro1Tosion (mml X = Thickness inc.luding rorrosion (in.) 

4.4 STRUCTURAL SHAPES 

4.4.1 Structural steel shall conform t·o one of the following: 

a. AS'TM A 36M/A 36. 

b. ASTM A 131M/A 131. 

c. ASTM A 992M/ A 992. 

d. Structural Steels listed in AISC Specification for Sfnlctural Steel Buildin8s, Allowable Suess Design. 

e. CSA G40.21. Grades 260W(38W}, 300W(44W). 350W(SOW). 260WT(38WT), 300WT(44WT), and 350WT(50WT).lmpe
rlal unit equivalent grades of CSA Specification G40.21 , shown in parenthesis, are also acceptable. 

f. ISO 630, Grade E 275, Qualities B. C, and D. 

g. EN 10025, GradeS 275, Qualities JR. ]0, andj2. 

• h. Recognized national standards. Structural steel Lhal is produced in accordance with a recognized national standard and thal 
meets the requirements of Table 4-2 is acceptable when approved by the Purchaser. 

• 4.4.2 All steel for su·ucrural shapes shall be made by t11e open-hearth, electric-furnace. or basic oxygen process. Copper-bearing 
steel is acceptable when approved by the Purchaser. 

4.4.3 Not all of the structural steel shapes listed in AISC (4.4.1 [u]) and other national st·andards (4.4.1 [hj) are well suited for 
welding. Material selection for structural shapes requiring welded connections shall include confirmation of the material 's weld
ability from the structural shape Manufacturer, otJ1er reputable sources, or by weld testing. Structural steel shapes having poor 
weldability shaJI only be used for bolted connection designs. 

09 1 4.4.4 Weldable"quality pipe that confonns to tJ1e physical properties specified in any of the standards listed in 4.5.1 may be 
used for structural purposes with Lhe allowable stresses stated in 5.1 0.3. 
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Table 4-4a-(SI) Material Groups (See Figure 4-la and Note 1 Below) 

Group I Group IT Group Ul Group lilA 
As Rolled, As Rolled, As Rolled. Killed Normalized, Killed 

Semj-Killed Killed or Semi-Killed Fine-Groin Practice fiine ·Grain Practice 

Material Notes Material Notes Material Notes Material Notes 

AL83M C 2 A 131MB 6 A 57'3M-400 A 573M-400 9 

A 285M C 2 A 36M 2. 5 A 516M-380 A 516M-380 9 

A 131M A 2 G40.21 -260W A516M415 ASJGM-415 9 

A 36M 2. 3 Grade 250 7 G40.21 260\rV 8 G40.21·2GOW 8,9 

Grade 235 3 Grade 250 8 Grade 250 8,9 

Grade 250 s 

Croup VI 
Normalized or 

Croup IV Group IVA Group V Quenched and Tempered, 
As Rolled. Killed As Rolled, Killed Normalized. Killed Killed Fine Grain Practice 

Fine-Grain Practice Fine-Grain PracUce Fine-Grain Practice Reduced Carbon 

Material Notes Material Notes Material Nores Material Notes 

A 573M-450 A662M C A 573M-485 9 A 131M EH 36 

A 573M-485 A 573M-'l85 10 A 516M-450 9 A 633MC 

A S!GM-450 G40.21-300W 8. 10 A 516M-485 9 A 633MD 

A 516M-48S G40.21 -350W 8,10 G40.21-300W 8, 9 A 537M Class 1 

A 662MB E275D G40.21-350W 8,9 A 537M Class 2 12 

G40.21-300W 8 .E 355 D A678MA 

G40.21-350W 8 s 275 ]2 8 A678M 8 12 

E275 C 8 S 355 02 or 1<2) 8 A 737MB 

E 355 C 8 A 841M, Grade A. Class I 11.12, 13 
S 275 JO 8 A 84\M. Grdde B. Class 2 II , 12. 13 
S 355JO 8 

Grade 275 4,8 

Notes: 
l. Most of the listed material specificalion numbers refer to ASTM specifications (including Grade or ClaS$): there are. however. some excep

Lions: C40.2l (includlng Grade) is a CSA specification; Grades E 275 and E 355 (including Quality) are contained in ISO 630; Grades S 275 
and S 355 (including quality) rue contained in EN! 0025: and Grade 235. Crade 250, and Grade 275 are related to national standards (see 4.2.6). 

2. Must be seml-ki.lled or kllled. 
3. Thickness 5 20 mm. 
4. Deleted. 
5. Mauganese content shall be 0.80%- 1.29(, by heat analysis for thicknesses greater than 20 mm. except Umt for each reduction of 0.01% below 

the specified carbon maximum, <1n increase of 0.06% manganese above the speci..tled maximum will be pennilted up to the maximum of 1.35%. 
Thicknesses 5 20 mm shall have a manganese content of 0.80%- 1.2% by heat analysis. 

6. Thickness s 25 mm. 
7. Musl be killed. 
8. Musl be killed and made to fine-grain practice. 
9. Must be normalized. 
10. Must have chemistry (heat) modified ro a maximum carbon content of 0.20% and a maximum mang;u1ese content of 1,60% (see 4.2.7 .4) . 
ll . Produced by the thermo-me<:hanical control process (TMCP) . 
12. See 5.7.4.6 ror tests on sirnulatetltesr coupons for material used in stress-relieved assemblies. 
J 3. See 4.2 .1 0 for impoct test requirements (t-ach plate-as-rolled tested). 
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Table 4-4b-(USC) Material Groups (See Figure 4-1 band Note 1 Below) 

Group I 
As Rolled, 
Semi-killed 

Material Notes 

A 283C 2 

A285C 2 

A 131 A 2 

A36 2,3 

Grade235 3 

Grade 250 !) 

Group tV 
As Rolled. Killed 

Fine-Grain Practice 

Material 

A573·65 

A573-70 

A 516-65 

A 516-70 

A662B 

G40.21-44W 

G40.2l SOW 

E 275 C 

E 355 C 
S 275 JO 
s 355j0 

Notes 

8 

8 

8 

8 
8 
8 

Grade 275 4. 8 

Notes; 

Group TT 
As Rolled, 

Killed or Semi-killed 

Marerlal Notes 

A 131B 6 

A36 2. 5 

Gl0.21 -38W 

Crnde 250 7 

Croup IVA 
As Rolled. Killed 

Pine-Grain Pradjce 

Material 

A662 C 

A 573-70 

G40.2L -44W 

G40.2l-50W 

E 275 D 

E355D 

s 275.12 

S355 02 or 1<2) 

Notes 

10 

8, 10 

8. 10 

8 

8 

Group Ill 
As Rolled, Killed 

Fine-Grain Practice 

Material Notes 

A573-58 

A 516-55 

A 516-60 

G40.21-38W 8 

Grade 250 8 

Group V 
Normalized, Kil led 
Fine-Grain Pmclice 

Material Notes 

A573·70 9 

A 516-65 9 

A 516-70 9 

C40.21 44W 8.9 

G40.21-50W 89 

Group lilA 
Normallzed, Killed 
Pine-Grain Practice 

Material Notes 

A 573-58 9 

A G16-55 9 

A 516-60 9 

G40.2 J-38W 8,9 

Gr'ade 250 8, 9 

Group VI 
NonnalizE'tl or· 

Quenched and Tempered. 
Killed Fine-Grain Practice 

Reduced Carbon 

Material Notes 

A 131 EH 36 

A633C 

A633 D 

A 537 Class I 

A 537 Class 2 12 

A678 A 

A678 B 12 

A 737 B 

A 841 Gmde A. Class 1 II. 12. 13 
A 841. G1ade B, Class 2 11, 12, 13 

I. Most of the listed material specitlcation numbers refer to AS1M specifk.alions (including Grade or Class); there are, however.sorne exceptions: 
G40.21 (including Grade) Is a CSA specification; Grades E 275 and E 355 (including Quality) are contained in ISO 630: Grades S 275 and 
S 355 ('rncluding quali ty) are contained in EN10025; and Grade 235, Grade 250. and Grade 275 are related to national standards (see 4.2.6). 

2. Must be semi-killed or killed. 
3. Thickness s; 0.75 in. 
4. Deleted. 

5. Manganese content shall be 0.80%- 1.2% by heat analysis for thicknesses greaterthan 0.75 in., except tlmt for each reduction ofO.OJ % below 
the specified carbon maximum. an increase of0.06% manganese above tlu:> specified maximum wili be pemtitted up to the maximum of 1.35%. 
Thicknesses s; 0.75 in. shall have a manganese content of 0.80%- L.2% by heat analysis. 

G. Thickness s l in. 
7. Must be killed. 
8. M11st be killed and made to fme-grain practice. 
9. Must be normalized. 
10. Must have chem istry (heat) modified to a maximum carbon content of 0.20% and a maximum manganese content of 1.60% (see 4.2.7 .4). 
ll . Produced by the thernw-mechauical control process (TMCP). 
12. See 5.7 .4.6 for rests on -simulated test coupons for matetial used in stress-relieved assemblies. 
I 3. See 4.2.1 0 for impact test requirements (each plate-as-rolled tested) . 

I os 
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Table 4-Sa-(SI) Minimum Impact Test Requirements for Plates (See Note) 

Plate MatE'riata and ThickMss (/) ln mm 

Groups l. U. HI, and IliA 
IS maximum thicknesses in 4.2,2 through 4.2.5 

Groups IV. IVA. V. anrl VI (except quenched and tempered ancl TMCP) 

Group VI (quenched and tempered and TMCP) 

asee Table 4-4a. 
llfnterpolarion is permirted to the nearest joule. 

Thickness 

mm 

($ 40 
40 < /~ 45 
45 < 1550 
50< I~ 100 

15 40 
40<1~45 
45 < /550 
50< 15100 

Average Impact VaJue of 
Three Speclmensb 

Longitudinal Transverse 

J 

20 

41 
48 
54 
68 

48 
54 
61 
68 

J 

18 

27 
34 
41 
54 

34 
41 
-18 
54 

Note: For plate ring flanges. the minimum irnpac[ test requirements for all thicknesses shall be those for 1 ~ 40 rtll1L 

Table 4-Sb-(USC) Minimum Impact Test Requirements for Plates (See Note) 

PlatE' Material" and Thickness (/) In Inches 

Groups I. II. III. and lilA 
15 max! mum thicknesses ln 42.2 Uwough 4.2.5 

Groups lV, IVA. V. and Vl (except quenchPd and tempered and TMCP) 

Group VI (quenched and tempered and TMCP) 

asee Table4 -4b. 
hJnrerpolation is permitted to the nearest ft·lbf. 

Thickness 

in. 

I ~1.5 
1.5 < I~ 1.75 
1.75</52 
2 < 1~4 

I~ 1.5 
1.5 <1~ 1.75 
1.75 < I <:; 2 
Z<l54 

Average Jmpacr Value of 
Three Specimensb 

Longitudinal Transverse 

ft-lbf ft-lbf 

15 13 

30 20 
35 25 
40 30 
50 40 

35 25 
40 30 
45 35 
50 40 

Note: For plate ring flanges. the minimum impact test requiremenrs for all thicknesses shall be Lhose for t5 I .5 in. 

4.5 PIPING AND FORGINGS 

4.5.1 Unless otherwise specified in this Standard, pipe and pipe couplings and forgings shall conform to the specifications 
Us ted in 4.5.1.1 and 4.5.1.2 or to national standards equivalent to the specifications listed. 

4.5.1.1 The foUowing specifications are acceptable for pipe and pipe couplings: 

a. APT Spec 5L. Grades A. B. and X42. 

b. ASTM A 53M/A 53. Grades A and B. 

c. ASTM A 106 M/ A 106, Grades A and B. 
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rl. ASTM A 23414JA 234, Grade WPB. 

e. ASTM A 333M/A 333, Grades 1 and 6. 

f. ASTM A 334M/A334. Grades 1 and 6. 

g. ASTM A 420M/A 420. Grade WPL6. 

h. ASTM A 524 , Grades I and ll. 

i. ASTM A 671 (see 4.5,3). 

4.5.1.2 The following specifi cations are atcepti\ble for forgings: 

a. ASTM A lOSM/A 105. 

b. ASTM A 181M/A 181. 

c. ASTMA 350M/A 350. Grades Lfl and LF2. 

4.5.2 Unless ASTM A 671 pipe is used (elecnic-fusion-welded pipe) (see 4.5.3) , material for shell nozzles and shell manhole 
necks shall be seamless pipe, seamless forging. or plate material as specified in 4,2.9.1. When shell materials are Group N, NA, 
V. or VI, seamless pipe shall comply wilh ASTM A l06, Grade B; ASTM A 524; ASTM A 333M/ A 333. Grade 6: or ASTM A 
334M/A 334, Grade 6. 

4.5.3 When ASTM A 67 1 pipe is used for shell nozzles and shell manhole necks. it shall comply with the following: 

a. Material selection shall be liniited to Grades CA 55. CC 60. CC 65. CC 70. CD 70. CD 80. CE 55, and CE 60. 

b. The pipe shall be pressure tested in accordance with 8.3 of ASTM A 671. 

c. The plate specification for the pipe shall satisfy lhe requirements of 4.2. 7. 4.2.8. and 4.2.9 that are applicable to I hat plate 
specification. 

d. Impact tests for qualifying the welding procedure for the pipe longituctinal welds shall be petformed in accordance wit·h 9.2.2. 

4.5.4 Except as covered in 4.5.3. the toughness requirements of pipe and forgings to be used for shell nozzles and manholes 
shall be established as described in 4.5.4.1 through 4.5.4.4. 

4,5.4.1 Piping matr.rials made according to ASTM A 333M/A 333, A 334M/A 334. A 350M/A 350, and A 420, Grade WPL6 
may be used at a design metal temperature no lower than the impact test temperatuJe required by tl1e ASTM specification for the 
applicable material grade without additional impact tests (see 4.5.4.4). 

4.5.4.2 Other pipe and forging materials shall be classified under the material groups shown in Figures 4-ta and 4.lb as fol
lows: 

09 

07 
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a. Croup UA- API Spec 5L, Grades A, B. and X42: ASTM A 106M/ A 106, Grades A and B; ASTM A 53M/ A 53, Grades A and I os 
B: ASTM A 181M/A 181 : ASTM A lOSMJA 105: and A 234M/A234, Grade WPB. 

b. Croup VIA- ASTM A 524. Grades I and D. 

4.5.4.3 The materials in the groups listed ln 4.5.4.2 may be used af nominal thicknesses, including corrosion allowance. at a I 
design metal temperature no lower than those shown in Figures 4-la and 4-J b without impact testing (see 4.5.4.4 and Figure 4-3). 09 

The governing thicknesses to be used in Figures 4-la and Ob shall be as fo llows: 

a. For burt-welded joints, the nominal thickness of the thJckest welded joint 

b. For corner or lap welds. the thinner of tJ1e two parts joined. 

c. For nonwelded parts such as bolted blind flanges and manhole covers. 1/4 of their nominal thickness. 

4.5.4.4 When impact tests are required by 4.5.4.1 or 4.5.4.3, they shall be performed in accordance with tJ1e requirements. includ- 1 09 

iJ)g the minimum energy requirements, of ASTM A 333M/A 333. Grade 6, for pipe or ASTM A 350M/A 350, Grade LFl. for forg-
ings at a test temperature no higher than tJ1e design metal temperature. Except for the plate specified in 4.2.9.2, the materials speci11ed 
in 4.5.1 and 4.5.2 for shell nozzles. shell manhole necks, and all forgings used on shell openings shall have a m.inimum Charpy V-
notrh impact strength of 18 J (13 ft-lbf) (fuiJ-size specimen) at a temperature no higher than the design metal temperature. 
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Lap Joint Flaoge 

Welding-Neck Flange Long Welding-Neck Flange 

Notes: 
1. Shell reinlorcmg plate is not included in these illustrations. 
2. Is " shell thickness; tn = nozzle neck thickness; Tr= flange thickness; Tc " bolted cover thickness. 
3. The governing thickness for each component shall be as lollows: 

Components 

Nozzle neck at shell 

Shp-on !lange and nozzle neck 

Ring-type nange and nozzle neck 

Welding-neck Hange and nozzle neck 

Long welding-neck flange 

Nonwelded bolted cover 

Lap-type joint flange 

Governing Thickness 
(thmncr ol) 

In or 15 

I, orr, 
1, orr, 

In 

t, or 15 

lJA Tc 

1, or r, 

Figure 4-3- Governing Thickness for Impact Test Determination of Shell Nozzle and Manhole 
Materials (See 4.5.4.3) 
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4.6 FLANGES 

• 4.6.1 Slip on. ring-type. welding neck. long welding nf'ck and lap joint flanges shall conform to the material requil ements of 
ASME 816.5 for forged carbon steel flanges. Plate material used for nozzle flanges shall have physical properties better than or 
equal to those required by ASME Bl6.5. Shell-nozzle flange material shall conform to 4.2.10.1 and 4.2.10.2. Lap joint flanges 
sha ll not be used wi thout the approval of the Purchaser. 

• 4.6.2 For nominal pipe sizes greater d1an NPS 24. flanges that confom1 lo ASME 816.47. Series B. may be used, subject to !he 
Purchaser's approval. Particular attention should be given to ensuring that mal ing flanges of appurtenances are compatible. 

4.7 BOLTING 

• a. Unless otherwise sped fled on the Data Sheet, Table 2, flange bolting shall conform to ASTM A 193 87 and the dimensions 
specif1ed in ASME 818.2.1. Nuts shall confonn to ASTM A 194 Grade 2H and the dimensions specified in ASME 8 18.2.2. Both 
shall be heavy hex pattern. All bolts and nuts shall be threaded in accordance with ASME 81.13M (SI). or with ASME 81.1 (US) 
as follows: 

1. Bolls up to and inclm.Jing I in. dian1ett!r: 

2. Nuts for bolts up to and including 1 in. diameter: 

3. Bolts 1.125 in. diameter and larger: 

4. Nuts for bolts 1.125 in. diameter and larger: 

UNC Class 2A 11t 

UNC Class 28 fit 

8N Class 2A fit 

8N Class 2B fil 

• b. Unless otherwise specifled on the Data Sheet. Table 2, all anchors shall be thn~aded , galvanized ASTM A 36 round bar with 
galvanized heavy hex nuts. 

• c. All other bolting shall confom1 to ASTM A 307 or A J 93M/A 193. A 325M/A 325 may be used for structural purposes only. 
The Purchaser should specify ont·he order what shape of bolt heads and nuts is desired and whether regular or heavy dimensions 
are desjred. 

4.8 WELDING ELECTRODES 

4.8.1 For the welding of materials with a minimum tensile sh·ength less Ulan 550 MPa (80 ksi). Lhe manual arc-welding elec
Jrodes shall conform to ilie E60 and E70 classification series (suitable for the electric current chararterisUcs. the position of weld
ing. and other conditions of intended use) in AWS A5. J and shall conform to 7.2. 1.10 as applicable. 

4.8.2 ftor the welding of materials wilb a minimum tensile strength of 550 MPa - 585 MPa (80 ksi - 85 ksi). the manual arc
welding electrodes shall confonn to the E80XX-CX classificalion series in AWS A5.5 

4.9 GASKETS 

4.9.1 General 

• 4.9.1 .1 Gasket materials shall be specif1ed in Table 3 on the Data Sheet. Unless otherwise specified by tl1e Purchase,·. gasket 
materials shall not contain asbestos. 

4.9.1.2 Sheet ga~kets shall be continuous. Metal gaskets made continuous by welding are acceptable if the weld is ground tlush 
and finished the same as the unwelded portion of the gasket. Rope or tape gaskets shall have overlapped ends. 

4.9.1.3 Each gasker shall be made wi!l1 an integral centering or positioning device. 

• 4.9.1 .4 No joint seaJjng compound, gasket adhesive. adhesive positioning tape. or lubricant shalJ be used on the sealing sur
faces of gaskets. or flanges during joint make·up unless specifically allowed by the Purchaser. When these materials are appl'oved 
by the Purchaser, consideration should be given to chemical compatibility with the gasket and flange mnterials. 

• 4.9.1.5 Spare gaskets are not required unless specified in the Data Sheet. Line 23. 

4.9.2 Service 

• When service gaskets are desig11atecl to be furnished by U1e Manufacturer. the gaskets provided shall be as specified jn U1e Data 
Sheet, Table 3. 

II 
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4.9.3 Test 

• 4.9.3.1 Test gaskets must have comparable dimensions and compressibility characteristics as service gaskets. Descriptions of 
gaskets for temporary use only as test gaskets shall be submitted for Purchaser ·s approval. 

4.9.3.2 For joints that will not ue disassembled aftPr testing. the test gasket must be the specified service gasket 

4.9.3.3 Except for stainless steel bohing, flange bolts and nuts used for testing are acceptable for use in the completed tank. 



SECTION 5-DESIGN 

5.1 JOINTS 

5.1.1 Definitions 

The definitions in 5.1.1.1 through 5.1. 1.8 apply to tank joint designs (see 9.1 for definitions that apply to welders and welding 
procedtu-es. Also see Section 3 for additional detiJlitions). 

5.1 .1.1 butt-weld: A weld placed in a groove between two abutting members. Grooves may be square. V-shaped (single or 
double), or U-shaped (single or double). or lhey may be either single or double beveled. 

5.1 .1.2 double-welded butt joint: A joint between two abutting parts lying in approximately the same plane that is welded 
from both sides. 

5.1.1 .3 double-welded lap joint: A joint between t\vo overlapping l1!embers in which the overlapped edges of both mem
bers are welded with tillet welds. 

5.1.1.4 fillet weld: A weld of approximately triangular cross-section that joins two surfaces at approximately 1ight angles, as 
in a lap joint. tee joint, or come1· joint. 

5.1.1 .5 full-fillet weld: A fillet weld whose size is equal to the thickness of the thinner joined member. 

5.1.1.6 single-welded butt joint with backing: A joint benveen two abutting parts lying in approximately the same plane 
that is >\·elded fxom one side only with the use of a strip bar or another suitable backing material. 

5.1 .1.7 single-welded lap joint.: A joint bet\veen t•vo overlapping members in which the overlapped edge of oue merube1· is 
welded with a fillet weld. 

5.1.1.8 tack weld: A weld made to hold the parts of a weldment in proper alignment until the final welds are made. 

5.1.2 Weld Size 

5.1 .2.1 llte size of a groove weld shall be based on the joint penetration (that is. the depth of chamfeling plus the root penetra
tion when specified). 

5.1 .2.2 Tite size of an equal-leg fiJlet weld shall be based on the leg length of the largest isosceles right triangle t.hat cao be 
inscribed within the cross-secti<:m of the fillet weld. The size of an tmequal-leg tillet weld shall be based on the leg lengths of the 
largest right lliangle that can be inscribed within the cross-section of the fi llet weld. 

5.1 .3 Restrictions on Joints 

5.1.3.1 Resttictions on the type and size of welded joints are given in 5.1.3.2 through 5. 1.3.8. 

5.1.3.2 Tack welds shall not be considered as having any strength value in the tinished structure. 

5.1.3.3 The minimwn size of fillet welds shall be as follows: On plates 5 mm (3/16 in.) thick. the weld shall be a full-fi llet weld. 
and ou plates more than 5 rrun ( 31 l6 in.) thick, the weld thickness shall not be less thm1 one-third the thickness of the thinner plate 
at the joint and shall be at least 5 Ullll (3/16 in.). 

5.1 .3.4 Single-welded lap joints ru-e permissible only on bottom plates and roof plates. 

5.1 .3.5 Lap-welded jo.ints, as tack-welde<L shall be lapped at least five times the nominal thickness of the thinner plate joined; 
howeve1·. with double-welded lap joints, the lap need not exceed 50 mm (2 in.). and with single-welded lap joints. the lap need not 
exceed 25 tnm (1 in.). 

5.1 .3.6 Weld passes are restricted as follows: 

• 5.1.3.6.1 For bottom plate welds and roof plate welds for all materials. and for she!J-to-bottom welds for Groups l , 11. ill, and 
IDA matetials. the following weld size requirements apply: 

a. For manual welding processes. fillet weld legs or groove weld depths greater than 6 mm (l/4 i:n.) shall be multipass, unless otb
erwise specified on the Data Sheet, Line 15. 
b. For semi-automatic, machine, and automatic welding processes, with the exception for electro· gas welding in 7.2.3.4. filJet weld 
legs or groove weld depths greater than I 0 mm (3/s in.) shall be multipass, w1less otherwise specified on the Data Sheet, Line 15. 

5·1 
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5.1.3.6.2 For Groups IV, IVA. V, or VI shell-to-bottom welds for all welding processes, all welds sball be made using a mini
mwn of two passe.s. 

5.1.3. 7 All attachments to the ex1erior of the tank shall be completely seal welded. 1J1te1mitteol welding is not pennitted.. l11e 
only e.xoeplion to this requirement are wind girders as permitted in 5.1.5.8. 

• 5.1.3.8 Except as pem1itted in 5.1.5.5 and 5.1.5.(). permanent weld joint backing strips are permitted only with the approval of 
the Purchaser. 

5.1.4 Welding Symbols 

Welding symbols used on drawings shall be the symbols of the American Welding Society. 

5.1.5 Typical Joints 

5.1.5.1 General 

a. Typicol tank joints arc shown in Figures 5-1, 5-2. 5-3 A, 5-3B. and 5-3C. 

07 b. The top swfaces of bottom welds (butt-welded annular plates, butt-welded sketch plates, or Figure 5-3B joints) shall be ground 
flush where they will contact the bottoms of the shelL insert plates, or reinforcing plates. 

5.1.5.2 Vertical Shell Joints 

a. Vertical shell joints shall be butt joints with complete penetration and complete fusio11 attained by double welding or other 
roeaus tlJat will obtain the same quality of deposited weld metal on the inside and outside weld surfaces to meet the requirements 
of 7.2. 1 and 7 .2.3. The suitability of the plate preparation and \>vel ding procedure shall be determined io accordance wiU1 9.2. 

I b. Ve1ticaJ joints in adjacent shell courses shall not be aligned, but shall be offset from each other a minimum distance of St. 
07 where t is the plate thickness of the thicker cow·se at tbe point of offset 

fW tf~ t 
Single-Y butt joint 

Single-U bt.JII jo1nt 

f I t 
Double-V butt joint 

f 0 + 
Square-groove butt jolnl Double-U butt jo1 nt 

Note; See 5.1.5 .2 for specific requirements for vertical shell joints. 

Figure 5-1-Typical Vertical Shell Joints 

Optional f. outside angle ~ 

•:]i, '0 •:,ycl-- riT?, D 

~J~ 
I 

Alternative 
angle-to-shell joint 

Angle-to-shell 
butt joint

complete penelratton 

Single-bevel 
butt joint

complete penetration 

Square-groove 
butljolnt

cornplete penetration 

Double-bevel 
bull joint

complete penetration 

Note: See 5.1.5 .3 for specific requirements for horizontal shell joints. 

Figure 5-2- Typical Horizontal Shell Joints 
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ROOF-PLATE JOINT 

ROOF-TO-SHELL JOINTS 

,--------~-r:.~~~~~! 
t --------- ---- .. _ ... 

~, \ 

\ \ 

ALTERNATIVE ROOF -TO-SHELL JOINT 
(SEE NOTE2) 

Bottom or annular _ r1......_ Inside 

bottom~•·•~ 

Notes: 

BOTTOM-TO-SHELL JOINT 

r Optional 
V groove 

~ {,..___,.,~ } 
\..rack weld 

Single-welded 
full-fillet lap joint 

Single-welded butl joint 
Wilh backing strip 

BOTTOM-PLATE JOINTS 

1. See 5.1.5.4 - 5. 1.5. 9 for specific requirements for roof and bottom 
joints. 
2, The alternative roof-to-shell joint is subject to the limitations of 
5.1.5.9, Item f. 

Figure 5-3A-Typical Roof and Bottom Joints 

t Shell plate 

( 
Bottom plate __.}( 

Figure 5-3B-Method for Preparing Lap-Welded 
Bottom Plates under Tank Shell (See 5.1.5.4) 

5.1.5.3 Horizontal Shell Joints 

a. Horizontal shell joints shall have complete penetration and 
complete fusjou; however, as an altemative. top angles may 
be attached to the shell by a double-welded Jap joint. TI1e 
suitability of the plate preparation and welding procedw·e 
sht~ll be determined in accordance with 9.2. 

• b. Unless othe1wise specified. abutting shell plates at hori
zontal joints shall have a common vertical centerline. 

5.1.5.4 Lap-Welded Bottom Joints 

• 5.1.5.4.1 Lap-welded bottom plates shall be reasonably 
rectangular. Additionally; plate may be either square cut or 
may have mill edges. Mill edges to be welded shall be rela
tively smooth and un.i.fotm, free of deletetious deposits. and 
have a shape such t!Jat a full fillet weld can be achieve<.L 
Unless otbetwise specified by the Pw·chaser. lap welded 
plates on sloped bottoms shall be ovt:rlapped ill a manner to 
i'educe the tendency for liquid to puddle dw·ing draw-down. 

5.1.5.4.2 Three-plate laps in tank bottoms shall be at least 
300 •um ( 12 in.) from each other. from the tank shell. and 
from joints between annular plates and the bottom. A three
plate lap is created where three plates come togeUJer and aU 
plates are joined to one another by lap welds. A Joc::~tion 
where a pair of bottom plates are lap-\velded to each other 
and are lapped onto an annular plate constitutes a three-plate 
lap, but lapping a single bottom plate onto a butt-welded 
annular plate splice does not constitute a three-plate lap weld 
since the two annular plates are not jolned together by a lap 
weld. These lap joil.1t connections to the butt-weld annular 
plate are illustrated in Figure 5-JD. 

5.1.5.4.3 W11en annular plates are used or are required by 
5.5.1. they shall be butt-welded and shall have a radial width 
thar proyjdes at least 600 n11n (24 in.) between the inside of 
the shell and any lap-welded joint in the remainder of the bot"
tom. Bottom plates need to be welded on the top side only, 
with a continuous full-iillet weld on aU scams. Unless annular 
bottom plates are usecl the bottom plates under the bottom 
shell ring shall have the outer ends of the joints fitted and lap
welded to fom1 a smooth bearing surface for the shell plates. 
as shown in FigLU·e 5-3 B. Lap-welded bottom plates shall be 
seal-welded to each oU1er on llie exposed outer periphery of 
their lapped edges. 

l l 
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Shell plate 

Annular bottom plate A+ B minimum 
Notes: 

1 A = Fillet weld size limited to 13 mm (1/2 in.) maximum. 
2. A+ B =Thinner of shell or annular bottom plate thickness. 
3. Groove weld B may exceed fillet size A only When annular plate is thicker than 25 mm (1 in.). 

Figure 5-3C-Detail of Double Fillet-Groove Weld for Annular Bottom Plates with a Nominal 
Thickness Greater Than 13 mm (112 in.) (See 5.1.5. 7, Item b) 

• 5.1.5.5 Butt-Welded Bottom Joints 

Buu-welded bottom plates sbaU have their parallel edges prepared for bun welding with either square or V grooves. Butt-welds shall 
be made using an appropriate weld joint conf.igw-ation that yields a complete penetration weld. Typical pe1missible bottom butt
welds without a backing stlip are the same as those shown ln Figure 5-1. '111e use of a backing Stlip at least 3 mm e Is in.) thick tack 
welded to the w1derside of tl1e plate is pemutted. Butt-welds using a backing strip are shown in Figure 5-3 A. 1 f square grooves are 
employed, the root openings shall not be less than 6 mm ( 1/4 in.). A metal spacer shall be used to maintain the root openi11g between 
d1e adjoining plate edges unless the Manufacturer submits another method of butt-welding the bottom for the P1u·chaser ·s approval. 
Three-plate joints in the tank bottom shaU be at least 300 mm ( 12 in.) from each other and from the tank sheU. 

5.1.5.6 Bottom Annular-Plate Joints 

Bottom annular-plate radial joints shall be butt-welded in accordance with 5.1.5.5 and shaU have complete penetration and com
plete fusion. The backing st1ip. if used. shall be compatible for welding the annular plates together. 

5.1.5.7 Shell-to-Bottom Fillet Welds 

os l a. For bottom and mmula1· plates with a nominal thickness J 3 mm (1 /2 in.), and less, the attachment between the bottom edge of 
the lowest course shell plate and the bottom plate shall be a continnons fillet weld laid on each side of the shell plate. The size of 

os l each weld shall not be more than 13 rom (l/2 in.) and sball not be less U1ao the nominal tllickness of the Ulinner oftl1e two plates 
joined (that is. the shell plate or the bottom plate immediately tmder the shell) or less than 'l.be following values: 

Nominal Thickness of Shell Plate Miuimnm Size ofFillet Weld 

(mm) (iu.) (.Dllll) (in.) 

5 0.1875 5 3/16 

> 5to 20 >O.J875to0.75 6 l'" 
> 20 to 32 > 0. 75 to 1.25 8 5/16 

>J2 to45 >1.25to L75 10 3/g 

os l b. For annular plates with a nominal thickness greater than 13 mm ( 1 h in.), the attacluuenl welds shall be sized so that either the 
legs of the fi llet welds or the groove depth plus t.be leg of tb~ fillet for a combined weld is of a size equal to the annula1·-plate 
thick-ness (see Figlu·c 5-3 C). but shall not exceed the shell plate thick11ess. 
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J) 

t _______________ _ 

Bottom plate 

Figure 5-30-Spacing of Three-Plate Welds at Annular Plates 
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c. Shell-to-bottom fillet weld aroluld lo\v-type reinforcing pads shown i.o Figure 5-8 Details a and b or around shell inseit plates 
that extend beyond the outside SW"face of the adjacent tank shell shall be sized as required by paragraphs a orb above. 
d. TI1e bottom or arumlar plates shall be sufficient to provide a minimwu 13 mm ( 1/2 in.) from the toe of the fillet weld referenced 
in 5.1.5.7c to the outside edge of the bottom or annular plates. 

5.1.5.8 Wind Girder Joints 

a. Full-penetration butt-welds shall be used for joining ring sections. 

I• b. Continuous weld." shall be used for all hoJizontal top-side joints and for all vertical joints. Horizontal bottom-side joints shall 
07 be seal-welded Lulless specified othe!V\~se by the Pw·chaser. . 

07 

08 

5.1.5.9 Roof and Top-Angle Joints 

a. Roof plates shall, as a minjruum, be welded on tl1e top side with a continuous full-fillet weld on all seams. Butt-welds are also 
permitted. 
b. For frangible roofs, roof plotes shall be attached to the top angle of a tank with a continuous fillet weld on the top side only. as 
specified in 5.1 0.2.6. For non-frangible roofs, altemate details are permitted. 
c. The top-augle sections, tension rings, and compression rings shall be joiued by butt-welds having complete penetration and 
fusit>n. Joint efficiency factors need not be applied when confonning to the requirements of 5.10.5 and 5.1 0.6. 
d. At the option of the Manufactw-er, for self-supp011ing roofs of the cone. dome. or umbrella type, tl1e edges of the roof plates 
may be flanged horizontally to rest Oat against the top angle to improve welding conditions. 

• e. Except as specified for open-top tanks in 5.9. for tanks with frangible joints per 5.1 0.2.6_ for self-suppotiing roofs in 5. 1 0.5 and 
S.l 0.6, and for tanks with the flanged roof-to-shell detail described in Jtem fbelow. tank sh.:Us shall be supplied with top angles of 
not less than the following sizes: 

T:n1k Djamcter Minimum Top Angle Size3 Mini.mwn Top Angle Size3 

(D) (mm) (in.) 

D $ 11m. (D s 35 It) 50 Y. 50 I( 5 2 >C 2 X 3jl6 

11 m <D S 18 rn, (35ft< D S 60ft) SO x 50 x 6 2x 2x 1/4 

D > 18 m. (D > 60 tl) 75 x 75 )11. 10 3 x 3 x3/s 

"Appro~imate equivalenl sizes may be used to accommodate local availability of materials, 

For fixed roof tanks equipped with full shell height insulation or jacketing, tl1e ho1izontalleg ofthe top sheU stiffener shall project 
oulwurd. For insulation system compatibility, the Pw·chaser slnul specify if the hmizontalleg is to be larger than specified above. 
f. For tanks v.~tb a cliameter less than or equal to 9 m (30ft) and a suppo11ed cone roof (see 5.1 0.4), the top edge oftbe shell may 
bt; flanged in lieu of installing a top angle. The bend radius and the width oftbe flanged edge shall conform to the details of Figme 
5-JA. This const111ction may be used for any tallk with a self-supp011ing roof (see 5.1 0.5 and 5.1 0.6) if the total cross-sectional 
area of the jtmction fulfills the stated area requirements for the construction of tbe top angle. No additional member, such as an 
angle or a ba1·. shall be added to the flanged roof-to-shell detail. 

5.2 DESIGN CONSIDERATIONS 

5.2.1 Loads 

Loads are defined as follows: 
• a Dead load (DL): TI1e weight ofthe tank or tank component, including any con-osion allowance tul.less otherwise noted. 

I
• b. Design External Pressure (Pe): Shall not be less than 0.25 k.Pa (1 in. of water) except that Extemal Pressure (l'e) shaiJ be 

os considered os 0 kPa (0 in. of water) for tanks with circulation vents meeting Appendix H requirements. Refer to Appendix V for 
extemal pressure greater than 0.25 kPa ( I in. of water). Design requirements for vacuum exceeding this value and design requir~ 
ments to resist flotation and extemal fluid pressure shall be a matter of agreement between the Purchaser and the ManufacttU·er 
(see Appendix V). 
c. Design Internal Pressure (P1) : Shall not e.xceed 18 kPa (2.5 lbfJin.2). 

d. Hydrostatic Test (Ht ): TI1e load due to fiJliug lbe tank with water to the design liquid level. 

I
• e. Internal Floating Roof Loads: 

08 L Dead load of .intemal floating roof (Dp including the weight of the flotation compa1tments, Se<il and all other floating roof 
and attached components. 
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2. lntemal floating roof unifonn live loud (Lf]) (0.6 k.Pa [12.5 lbf!ft2]) if no automatic drains are provided. (0.24 kPa [5lbfff2]) 
If automatic drains are provided). 

3. Lntemal floating roof point load (~12) of at least two men walking anywhere on rhe t·oof. One applied load of 2.2 kN 
[500 lbf] over 0.1 m2 [I ft2] applied an)'•.vhet·e on the roof addresses two men walking. 

4. Intemal floating roof design extemal pressLu·e (Pre) of (024 kPa [5 lbflft2]) minimum. 
f. Minimum Roof Live Load (L,): 1.0 kPa (20 lb/ft2) on the h01izontal projected area of the roof. The minimum roof live load 
may alternatively be determined in accordance witl1 ASCE 7. but shall not be less than 0. 72 kPa (I 5 psi). ·n,e minimum roof live 
load shall be reported ro the Purchaser. 

• g. Seismic (E): Seismic loads deternlined in accordance with E. L through E.6 (see Data Sheet, Line 8). 
• h. Snow (S): The ground snow load shall be detetmined fi·om ASCE 7, Figw·e 7-1 or Table 7-t unless the ground snow load that 

equals or exceeds the value based on a 2% annual probability of being exceeded (50-yeannean recurrence interval) or a national 
standard (such as the National Building Code of Canada) is specified by the Purchaser. 

1. The balanced design snow load (S0) shall be 0.84 thnes the grmmd snow load. Altemately, the balanced design snow load 
(Sb) shall he derem1ined from the ground snow load in accordance with ASCE 7. The balanced design snow load shall be 
reported to the Purchaser. 

2. The unbalanced design snow load (S11) for cone roofs with a slope of 10° or less shall be equal to the balanced snow load. 
The tmbalauced design snow lond {S11) for all other roofs shall be l.5 times the balanced design snow load. Unbalanced design 
snow load shall be applied over a 135° sector of the 1·oof plan with no snow on the temaining 225° sector. Alternately, tbe 
w1balanced snow load shall be detennined from the grmmd snow load in accordance with ASCE 7 

3. 111e balanced and tu\balanced design snow loads shall be Jeported to U1e Purchaser. 

• i. Stored Liquid (F): The load due to fiUing the tank to the design liquid level (see 5.6.3.2) wiU1 ljq11id with the desig;JJ specific 
gravity specified by the Purchaser. 
j. Test Pressure (P1): As required by F.4.4 or F. 7.6. 

• k. Wind (W): The design wind speed (V) shall be 190 km/hr (120 mph). the 3-sec gust design wind speed detenuined &om 
ASCE 7, Figure 6-1, or the 3-sec gust design wind speed speciiied by the Purchaser (lhls specified wind speed shall be for a 3-sec 
gust based on a 2% annual probability of being exceeded L50-year meau recurrence interval]). The design wind pressw·e shall be 
0.86 k.Pa ( V/190)2. ([18 lbf!ft2)[V/120]2) on vertical projected areas of cylindrical sw13ces and 1.44 kPa (V/190)2, ([30 lb£'ft2][V/ 
120]2) upli11 (see item 2 below) 011 hotizontal projected areas of conical or doubly cwved surfaces, where Vis the 3-sec gust wind 
speed. The 3-sec gust wind speed used shall be repOJted to the Pw·cbaser. 

• I. These design wind pressw·es are in accordance with ASCE 7 for wind exposw-e CategOI)' C. As an alternative. pressures 
may be determlued in accordance wiUt ASCE 7 (exposure category and impmtance factor provided by Purchaser) or a 
national standard for the specific conditions for the tank being designed. 
2. The design uplift pressU!'C on the roof (wind plus intemal pressure) need not exceed 1.6 times the design pressure P deter
mined in F.4.1. 
3. Windward and leeward horizontal wind loads 011 the roof are conservatively equal and opposite and therefore tbey are not 
included in the above pressures. 
4. Fastest mile wind speed times 1.2 is approximately equal to 3-sec gust wind speed. 

• 5.2.2 Design Factors 

The Pw·chaser shall state the desig11 metal temperatw·e (based on ambient lemperatw·es). tl1e maximum design temperatw·e. the 
design specific gravity. the co11'osion allowance (if any). and the seismic factors. 

5.2.3 External Loads 

• a. The Purchaser shall state tbe magnitude and direction of extemalloads or restraint, if any. for which the shell or shell con
nections must be designed. The design for such loadings sllall be a matter of agreement between the Pw·chaser and the 
Manufacturer. 

• b. Unless otherwise specified, seismic design shall be in accordance with Appendix E. 
• c. Design for localized wind induced forces on roof components shall be a matter of agreement between U1e Purchaser aud the 

Manufacturer. 
d. Localized loads resulting fi·om items such as ladders. stairs, platfonns, etc .. shall be considered. 
e. TI1e Purchaser shall state tbe magnitude and direction of any e;demalloads other than normal persmmel access for which the 
roof manholes and openings shall be designed. The design for such loadings sball be a matter of agreement between the Pmchase1· 
and the ManufactLu·er. 
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• 5.2.4 Protective Measures 

The Purchaser shall consider foundations, COJ'rosion allowance, hardness testing, and any other protective measures deemed nec
essary. For example, for insulated tanks, means to prevent infiltration of water into rhe insulation shall be specified_ especially 
around penetrations of the insulation and at the roof-to-shell jtmction. 

5.2.5 External Pressure 

See Appendix V for the pt•ovisions tor the design of tanks subject to partial internal vacntu11 exceeding 0.25 kPa (1 in. of water). 
Tanks that meet the requirements of this Standard may be subjected to a partial vacuum of 0.25 kPa ( I in. of water). without the 
need to provide any additional supporting calculations. 

5.2.6 Tank Capacity 

• 5.2.6.1 The Purchaser shall specifY the maximum capacity and the overfill protection level (or vo!tu11e) requirement (see APl 
.RP 2350). 

5.2.6.2 Maximum capacity is the volume of product in a tank when tl1e tank is fi lled to its design liquid level as defined in 
5.6.3.2 (see Figure 5-4). 

5.2.6.3 The net working capacity is lhe volume of available product under nonnal operating conditions. The net working 
capacity is equal to the maximum capacity (see 5.2.6.2) less the min.imwn operating volume remaining in the tank. less the over
fill protection level (or volume) requirement (see Figure 5-4). 

Overfill slol 

--·-·1··----·-"();;·~jj~~;e-;;~~ level r~;;;,;;;;;·- .. - ·::L .. 

. ................. -. -- .-. • -. • -----~~~~b~) .. ~~-.--.-.-.. -•. -.. r:n~.(~~·} __ , .... 

Maximum capacity: 

___ m3(l'>bl) 

Net working capac1ty: 

___ ma(bbl) 

------ -· ----· .... -r-· .. ----. ·-·- . ·----·. ----------. ·-----. ----
Mimmum operating volume rema1ning m the tank: 

___ m~ (bbl) or ___ mm 0n.) 

--- - Top or shell height 

---- Design liquid level 

---- Normal fill level 

Minimum fill level 

-------''----------------..___Top of bottom plale at shell 

Figure 5-4-Storage Tank Volumes and Levels 

5.3 SPECIAL CONSIDERATIONS 

5.3.1 Foundation 

• 5.3.1.1 The selection of the tank site and the design and construction of the totmdation shall be given careful consideration. as 
outlined= in Appendix B. to ensure adequate tank suppot1. l11e adequacy of the fow1dation is tl1e responsibility of the Purchaser. 
Foundation loading data sl1all be provided by the M'anufact1u·er on the Data Sheet. Line 13. 

5.3.1.2 Sliding friction resistance shall be vetified for tanks subject to lateral wind loads or seismic loads (see 5.11.4 and E. 7.6). 

5.3.2 Corrosion Allowances 

• 5.3.2.1 The Purchaser, after giving consideration to the total effect of the liquid stored. U1e vapor above the liquid, and U1e 
atmospheric environment. shall specify in tl1e Data Sbeet. Tables 1 and 2, any corrosion allowances to be provided for all compo
nents, including each shell course, for the bottom, for the roof, for nozzles and manholes. and for stmctural members. 
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5.3.2.2 Excluding nozzle necks. COtTosion allow~nces tor nozzles, flush-type cleanouts. manholes, and self-supporting roofs 
shall be added to the design thickness, if calcailated, or to the minimum specified thickness. 

• 5.3.2.3 For nozzle necks, any specified nozzle neck con·osion allowance shall, by agreement between the Pw·chaser and the 
Manufactw·er, be added to eiU1er the nominal neck thickness sho"\11 in Tables 5-6a and 5-6b (or Tables 5-7a and 5-7b ), or to the 
minimum calculated thickness required for pressure head and mechanical sh·engtll. In no case shall the neck thickness provided be 
less than the nominal thickness shown in tbe table. 

5.3.2.4 Conosion allowance for anchor bolts shall be added to the nominal diameter. 

5.3.2.5 Corrosion allowance for anchor straps and brackets shall be added to 1he required strap and bracket thickness. 

• 5.3.2.6 For intemal structural members, the con·osion allowance shall be applied to the total thickness tmless othetwise specified. 

• 5.3.3 Service Conditions 

The Ptu·cbaser shall specify any applicable special metallurgical requirements pertaining to the selection of materials and the fab
rication processes as required by any anticipated service conditions. When the service conditions might include the presence of 
hydrogen sui fide or otJ1er conditions that could promote hydrogen-induced cracking. notably near lhe bottom of the shell at the 
shell-to-bottom connections. care should be taken to ensure lhatlhe materials of the tank and details of coustruction arc adequate 
to resist hydrogen-induced cracking. The Purchaser should consider lirnits on the sul.liu· content of the base and weld 1Jteta!s as 

07 

08 

07 

well as appropriate quality control procedures in plate and tank fabrication. l11e hardness oftbe welds, including the he<lt-affectcd 07 

zones, in contact with U1ese conditions should be considered. 1l1e weld metal and adjacent heat-affected zone often contain a zone 
of hardness well in excess of Rockwell C 22 and can be ex-pected to be more susceptible to cracking U1an w1welded metal is. Any 
hardness crite1ia should be a matter of agreement hchveen the Purchaser and the Manufactw·er and should be based on an evalua-
tion of the expected hyd1·ogen sulfide concentration in t11e product, the possibility of moisture being present on the inside metal 
surface, and the strength and hardness charact~ristics of the base metal and weld metal. See the Data Sheet. Line 5. 

• 5.3.4 Weld Hardness 

a. Weld metal and Heat Affected Zone (HAZ) hardnesses shall comply with the H2S Supplemental Specification listed on the 
Data Sheet. Line 5. when specified by the Purchaser. 

b. When specified by the Purchaser. tl1e hardness of the weld metal for shell materials in Group 1 V.. IVA. V, or VI shall he evalu
ated by one or both of the following methods: 

I. TI1e welding-procedure qualification tests for all welding shall include hardness te!>1S of the weld metal and heat-affected 
zone of the test plate. The methods of testing and the acceptance standard<> shall be a,oreed upotl by the Purchaser and the 07 

Manufachu·er. 

2. All welds deposited by machine or an automatic process shall be hardness tested on tl1e product-side surface. Unless other- J 1 
wise specified, one test shall be conducted for each verti<.:aJ weld. and one test shall be conducted for each 30m ( 100 ft) of 
circumferential welcl The methods of testing aml the acceptance standards shall be agreed upon by the Purchaser and the 
Manufacttu·er. 07 

• 5.3.5 Thickness 

When 6nun (11-t in.) thick material is specified, 0.236 in. thick mate1ial may be used in U1e US Customary rule set with Purchaser os 
approval. Similarly when 5 rum e /16 in.) thick material is specitled, 4.8 rom. thick matel'ial may be used in the Slmle set with 
Purchaser approval. 111e design calculations shall be based on thickness used. 

5 .. 4 BOTTOM PLATES 

• 5.4.1 All bottom plates shall bave a corroded !luck ness of not Jess than 6 mm (0.236 in. ) [49.8 kg!m2 (9.6lbf/ft2) (see 4.2.1.2)]. 
Unless otherwise agreed to by the Purchaser. all rectangular and sketch plates (bottom vlates on which the shell rests that· bave one 11 
end rectang·uJar) shall have a nominal width of not less than 1800 mm (72 in.). 

5.4.2 Bottom plates of sufficient size shall be ordered so tl1at, when trimmed, at least a 50 mm (2 in.) width will prQject outside 
the shell or meet requirements given in 5.1.5.7 d whichever is greater. 07 

5.4.3 Bottom plates shall be welded in accordance with 5. 1.5.4 or 5.1.5.5. 
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• 5.4.4 Unless otbcn.vise specified on the Data Sheet, Line 12, tank bottoms requiring sloping shall have a minimum slope of 
I: ·120 upwards toward center ofthe tank. 

• 5.4.5 lf specified on the Data Sheet. Line 12, a fow1dation drip ring shall be provided to prevent ingress of water between 
the tank bottom and foundation. Unless the Purchaser specifies otherwise, the ring shall meet the following requirements 
(see Figure 5-5): 

1. Material shall be carbon steel, 3 mm (lfg-in.)minimum thickness. 
2. All radial joints between sections of the drip rings, as well as between the drip ring and t11e annular plate or bottom, shnll be 
continuously seal-welded. 
3. TI1e chip ring shall extend at least 75 mm (3 in.) beyond the outer periphery of the folUldation ringwall and then tum down 
(up to 90°) at its outer diameter. 

4. Tile top and bottom of tl1t~ drip tin g. and the top of the tank bottom edge projection beyond the shell. and a portion of the 
tank shell shall be coated if specified by the Purchaser. 

5.5 ANNULAR BOTTOM PLATES 

5.5.1 When tbe bottom shell cow·se is designed using tl1e allowable stress for materials in Group rv, IVA. V, or Vl, butt-welded 
rumular bottom plates shall be used (see 5.1.5.6). When the bottom shell course is of a material in Group rv. IVA, V, or VI and the 
maximwn product stress (see 5.6.2.1) for the first shell course is less than or equal to 160 MPa (23,200 lb:f/in.2) or the maximum 
hydrostatic test stress (see 5.6.2.2) for the first shell course is less tlu1.11 or equal to 171 MPa (24,900 lbf7in.2), lap-welded bortom 
plates (see 5.1.5.4) may be used in lieu of butt-welded annular bottom plates. 

5.5.2 Alllular bottom plates shall have a radial width that provides at least 600 mm (24 iu.) betweeo the inside of the shell and 
any lap-welded joint in the remainder of the bottom. Annulru· bottom plate projection outside the shell shall meet the requirements 
of 5.4.2. A greater radial width of annular plate is required when calculated as follows: 

In Sl 1.01its: 

where 

fn = thickness of the rumular plate (see 5.5.3), in nun. 

H = maximum design liquid level (see 5.6.3.2). in m. 

G = design specific gravity of the liquid to be stored. 

Coati! 
specined \ 

' Foundal1on 

Shell 

Figure 5-5-Drip Ring (Suggested Detail) 

Boll om 
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In US Customary uuits: 

wl1ere 

390ft> 

(HG)05 

rb = thickness of the anuular plate (see 5;5.3). (in.). 

H <= maxim\un design liquid level (see 5.6.3.2), (ft), 

G = design specific gravity oftl1e liquid to be stored. 

5-11 

5.5.3 The thickness of the annular bottom plates shall not be less than the greater thickness detem1ined using Tables 5-l a 
and 5-l b for product design (plus any specified co11'osion allowance) or for hydrostatic test design. Tables 5-l a and 5-l b are 
applicable for effective product height of H )( G 5 23 m (75 ft). Beyond this height an elastic analysis must be made to deter
mine tbe annular plate thic~tless. 

Table 5-1a-(SI) Annular Bottom-Plate Thicknesses (tb) 

Plate Thickness8 ofFu·st Stressb in First Shell Course (MPa) 

Shell Course (mm) $ 190 ~2l0 ~ 220 ~ 250 

I ~ 19 6 6 7 9 
19 < r$25 6 7 10 11 
25 < i ~ 32 6 9 12 14 

32 < I ~ 40 8 II 14 17 
40 <t :S; 45 9 13 16 19 

"Plate thickness refers to the oorrodcd shell plat~ thicl..-ness tor product design and nominal tl1ickuess for hydrostatic test design. 
b'nte stress to be used is tbe maxJm1un s!Tess in the first sltell conrse (greater of product or ltydrostatic test stress). nu~ stress 
may be detem1i.ned using tbe req11ired thickness divided by the thickness from ·'a" then multiplied by the applicable allow
able stress: 
Product Stres$ = (ld- CA/con·oded r) <Sri) 
Hydrostatic Test Stress= (11/nominal /) (S1) 

Note: The thicknesses specified in the table. as well as tl1e width specified in 5.5.2. are based oo the fmmclation providing 
un.ifonu suppo•t wtdedbe full width of the annular plate. Unless the foWldatiou is properly oompacted. parti.cularly at the 
inside of n concrete ringwaJI, seulement will produce additional stresses Jn the auoular plate. 

Table 5-1 b-(USC) Annular Bottom-Plate Thicknesses (tb) 

Plate Thickucss3 of First Stress6 in First Shell Course (ibf/in.~ 
Shell Course (in.) ::; 27.000 S JO,OOO ~ 32,000 ~36,000 

t-5, 0.75 0.236 0.236 9J32 llf32 

0.75 < /Sl.OO 0.236 9f:a 3fs 1f16 

1.00 < IS 1.25 0.236 lily). 15fn Q/16 

1.25 < /S 1.50 5f l6 7/16 9fl6 ''ft<l 
1.50 < I S 1.75 " In l t2 Sts 3t4 

apJat·e thickuess refers to the corroded shell plate tltickness for product design and uominal thickness for hydrostatic test design. 
tr:rbe stress t~ be used is the maxim1uu stress in tbe first shell course (greater of product or hydrostatic test stress). Tbe stress 
may be dctennined using the requited thickness divided by the thickness frotn "a" tllen multiplied by the applicable allow
able stress: 
Product Stress "' (rtf- CA/oonuded f) (.\'d) 
Hydrostatic Test Stress= (t1 /uominal 1 ) (S1) 

Note: 1be thicknesses specified in the ·table. as v.oell as the width specified in 5.5.2, a.·e based on the foundation providing 
lwiform support under the full width of the rulllular plate. Unless the folll.1dation is properly oompacted. particuhu1y at the 
iuside of a concrete ringwal.L settlement will produce additiomll stresses in the aumtla.· plat<l. 

08 

07 

08 
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5.5.4 The ring of annular plates shall have a circular outside circumference, but may have a regular polygonal shape inside the 
tank shell. "'~th the IHUllber of sides equal to the nwnber of annular plates. These pieces shall be welded in accordance with 
5. 1.5.6 and 5. 1.5.7,ltem b. 

5.5.5 ln lieu of anmdar plates. the entire bottom may be butt-welded provided that the req11irements for anuular plate thickness. 
welding, materials, and inspection are met for the annular distance specified in 5.5.2. 

5.6 SHELL DESIGN 

5.6.1 General 

5.6.1.1 TI1e required shell thickness shall be tl1e greater of the design shell thickness, including any corrosion allowance. or the 
hydrostatic test shell thickness, but the shell thickness shall 1101 be less than the following: 

Nominal Tank Din.~neter Nominal Plate Thklmess 

(m) (ft) (mm) (in.) 

< 15 <50 5 31!6 

15 to <36 50 to < l20 6 1/4 

36 to 60 120 to 200 8 5!JG 

> 6() >200 tO 3ts 
Nores: 

• I. Unless otherwise specified by the Purchaser, the 11ominal tank diameter shaU be tbe centerline diameter of the bottom shell-course plates. 

I 
2. 111~ thicknesses specitied are based on erectioo reqttiremeuts. 

• 3. Wl.~t:n specified by the Purchaser, plate \Yith a nominal thickness of 6 Lll1ll may be substinrted for 1/4-in. plate. 
11 4. For diameters less than 15 m (50 fl) but greater than 3.2m ( l 0.5 fl). the nominal thick11e~ of the lowest sbeU course shall not be less than 

6 rum (1/4 in.). 

• 5.6.1.2 Unless oUterwise agreed to by the Purchaser. the sbeU plates shaU have a olinimum nom ina! width of 1800 mm (72 in.). 
Plates that are to be butt-welded shall be properly squared. 

5.6.1.3 The calculated stress for each shell course shall not be greater than f.he stress pennitted for the pat1icular matetial used 
for the comse. When the allowable stress for an upper shell course is lower than the allowable sb·ess of the next lower shell 
course, then either a or b shall be satisfied. 

08 a. The lower shell cow·se thickness shall be no less than the thickness required of the upper shell course for product and hydro
static test loads by 5.6.3 or 5.6.4. 

b. Tl1e tllickness of all sbell courses shall be that determined from an elastic analysis per 5.6.5 using final plate Uucknesses. 

The .inside of an upper shell course shall not project beyond the inside stuface of the shell course below (except within tolerances 
provided in 7.2.3.2). 

5.6.1.4 The tank shell s.haU be checked tor stability against buckling .fi·om the design wind speed in accordance with 5.9.7. If 
required for stability, inte.rmediate girders. increased sbell-plate thicknesses, or both shall be used. 

5.6.1.5 Isolated radial loads on the tru1k shell. such as those caused by heavy loads on platfonns and elevated wall.:ways 
between tanks. shall be distributed by tolled structural sections. plate ribs. or built-up members. 

5.6.2 Allowable Stress 

5.6.2.1 The ma:xiruwn allowable product design stl'ess, Sc~. shall be as shown in Tables 5-2a and 5-2 b. TI1e corroded plate thick
nesses shall be used in U1e calculation. 'Dle design stress basis. S11, shall be either 1:\.vo-t.h.irds tJ1e yield strength or two-fifths the 
tensile strength, whichever is less. 

5.6.2.2 The maximum allowable hydrostatic test stress, S1• shall be as sh0\.\11 in Tables S-2a and 5-2b. The nominal plate thick
nesses shall be used in the calculation. The hydrostatic test basis shall be either tbree-fow1hs the yield strength or three-sevenths 
the tensile strength. whichever is less. 

5.6.2.3 Appendix A penllits an allemative shell design with a fixed allowc~ble stress of 145 MPa (21 ,000 lbf/in.2) and a joint effi~ 
ciency factor of0.85 or 0.70. 1his design may only be used for tanks ,YitJ1 shell thiclmesses less than or equal to 13 mm (1/1 in.). 

5.6.2.4 Structural design stresses sball conform to the allowable working stresses given in 5.10.3. 
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Table S-2a-(SI) Permissible Plate Materials and Allowable Stresses 

Norninal Plate Minimum Minimum Product Hydrostatic 
Plate Thickness I Yield Strengill Tensile Strength Desi~ Stress Sr1 Test Stress 51 

Specification Grade mm Mpa Mpa Mpa Mpa 
ASTM Specifications 

A 283M c 205 380 137 154 
A 285M c 205 380 137 154 
A 131M A,B 235 400 157 171 
A 36M 250 400 160 171 11 

A 131M EH36 360 4908 196 .210 
A573M 400 220 400 147 165 
A 573M 450 240 450 160 l80 
A573M 485 290 4853 193 20R 
A516M 380 20~ 380 137 154 
A516M 415 220 41 5 147 165 
A SHiM 450 240 450 160 180 
A516M 485 260 485 173 195 
A6G2M B 275 450 180 193 
A662M c 295 485a 194 208 
A537M I~ 65 345 485~ 194 208 

65 < t~ 100 310 4SOb 180 193 
A 537M 2 ~~ 65 415 55oa 220 236 

65 <I~ 100 380 51511 206 221 
A633M C, D '~ 65 345 485a 194 208 

65 <I~ 100 315 450b J80 193 00 
A678M A 345 435a 194 208 
A678M B 415 550~ 220 236 
A 737M 8 345 48sa 194 208 
A841M Class 1 345 485<1 194 208 
A84IM Class 2 415 55011 220 236 

CSA Spedfications 
G40.21M 260W 260 410 164 17G 
G40.21M 260WT 260 410 161 176 
G4.0.21M 300W 300 450 180 Hl3 ll 
C40.2JM 300\1\IT 300 450 180 193 
G40.21M 350W 350 450 180 193 
G40.21M 350W1" 1 ~ 65 350 480~ 192 206 

65<tSl00 320 480a 192 206 
National Standards 

235 235 365 137 L54 
250 250 400 157 171 
275 275 430 167 184 

ISO Specifications 
ISOG30 E.355C, D i S IG 275 410 164 176 

16 < /S40 265 410 164 176 

E355, D /~16 355 490:t 196 210 
16 < I~ 40 345 4903 196 210 
40 <" /~50 335 490a 196 210 

EN Specifications 
EN 10025 s 355]0. J2 t~ 16 275 410 164 176 11 

16 < r~ lttz 265 410 164 176 
S355JO. J2. l~ 16 355 4703 188 201 

K2 16 < 1~40 345 470a 188 201 
40 <t~50 335 4708 188 201 

e aB{ agreement between the Purchaser and the Manufacturr:'r, the tensile srrength of ASTM A 537M. Class 2, A 678M. Grade B, and A 
84 M, Class 2 materials may he increased to 585 MPa minimum and 690 MPa maximum. The tensile stren~h of the other listed materials 
ma.x be increased to 515 MPa minimum and 620 MPa maximum. When this is done, the allowable stresses s all be determined as stated in 
5.6,2.1 and 5.6.2.2. 

e bBO a~reernent between the Purchaser and the Manufacturer. the tensile strength of ASTM A 537M. Class 2 materials map be increased to 
5.5 rv Pa minimum and 690 MPa maximum. Tlle tensile slfen~t of the other listed materials ma~ be increased to 485 M a minimum and 
620 M.Pa maximum. When this is done, the allowable stresses s all be determined as stated in 5.6 . . 1 and 5.6.2.2. 
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Table 5-2b- (USC) Permissible Plate Materials and Allowable Stresses 

Nominal Plate Minimum Minimum Product Hydrostatic 
Pla1e Thickness r Yield Strength Tensile Streng!h Design S!JeSs Sci Test Stress 5i 

Specification Grade in. psi psi ps1 psi 
ASTM Specifications 

A 283 c 30,000 55,000 20.000 22,500 
A 285 c 30.000 55.000 20,000 22,500 

11 A 131 A. B 34,000 5S,OOO 22,700 24.900 
A 36 36,000 58,000 23,200 24.900 
A 131 EH 36 51.000 71.000~ 28.'100 30,400 
A 573 58 32,000 58,000 21.300 24.000 
A 573 65 35,000 65,000 23,300 26,300 
A 573 70 42.000 70,000~ 28,000 30,000 
A 516 55 30,000 55.000 20.000 22,500 
A 516 60 32.000 60.000 21,300 2~ .000 

A 516 65 35,000 65,000 23.300 26.300 
A 516 70 38.000 70.000 25.300 28,500 
A662 B 40.000 65,000 26,000 27.900 
A 662 c 43.000 70,000" 28,000 30.000 
A 537 ,~ zl;'- 50.000 70,000~ 28.000 30.000 

21J2 < t~4 45.000 65.000h 26.000 27.900 
A 537 2 1-:; 21/z 60,000 so.oooa 32,000 34.300 

21/2<r-:;4 55,000 75,000b 30,000 32.100 
A633 C.O t~ 21/z 

2'/z < l 5;4 
50,000 
46.000 

70,000f 
65.000 1 

28.000 
26,000 

30,000 
27.900 

09 A 678 A 50.000 70,0QO<l 28,000 30,000 
A 678 B 60,000 80.oooa 32.000 34.300 
A 737 B 50,000 70,00()3 28.000 30.000 
A 841 Class 1 50,000 70,000" 28.000 30,000 
A841 Class 2 60,000 80,00()3 32,000 34.300 

CSA Specilications 
G40.21 38W 38.000 60.000 24 .000 25.700 
G40.21 38WT 38.000 60.000 24.000 25.700 
G40.2l 44W 44,000 65.000 26.000 27.900 
G40.21 44WT 44,000 65,000 26.000 27.900 
G40.2J sow 50,000 65,000 26.000 27,900 
G40,21 SOWT IS. 21/ · 50,000 10.000a 28,000 30,000 

2 112 <1~4 46.000 70,00Qa 28,000 30,000 
f\lational Standafas 

235 34,000 52,600 20.000 22.500 
250 36,000 58,300 22.700 25,000 
275 40,000 62.600 24.000 26.800 

JSG Spedflcations 
rso 630 E 355C, D t<;; Sf 39.900 59.500 23.800 25.500 

5fs<t<;;~ 1/z 38.400 59,500 23,800 25,500 
E.355C, D t< 5J~ 51,500 71 ,0003 28,400 30.400 

s;~ < -,s 1/2 50,000 71,0003 28.400 30,400 
1 /2 < (!, 2 48,600 71 .oooa 28.400 30.400 

lJ 
EN Specificaliorls 

EN 10025 s 355]0. j2 r~ Jfs 
5/S< 1$1 1/2 

39.900 
38.400 

59.500 
59,500 

23,800 
23.800 

25.500 
25,500 

S355JO.J2. K2 [$. 5;g 51.500 68,100a 27.200 29,200 
Sf~<. IS 11/2 50.000 68, 100a 27,200 29,200 
1 /2< 1~2 48,600 68.1003 27.200 29,200 

•~By agreement bt>twee>n the Purchaser and the Manufacturer. the tensi le strPngth of ASTM A 537M. Class 2, A 678M, Gr<tde B. and A 
841 M, Class 2 rnarerials may be increased to 85.000 psi minimum and 100,000 psi maximum. The tensile strength of the other listed mate· 
rials may be increased to 75.000 psi minimum and 90,000 psi maximum. When thi~ is done. the allowal.Jie stresses shall be determined iiS 

swted in 5.6.2.1 and 5.6.2.2. 
e iiBy agreement between the Purchaser arld the Manufacturer, the tensile strength of ASTM A 5371vl. Class 2 materials may be increased lO 

80,000 psi minimum and 100.000 psi maxilllum. The tensile strength of I he other listed materials may be increased to 70.000 psi minimum 
and 90.000 psi maximum, When this is done. the allowable stresses shall be detennined as stated in 5.6.2 .I and 5.6.2.2. 
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5.6.3 Calculation of Thickness by the 1-Foot Method 

5.6.3.1 The 1 -foot method calculates the thicknesses required at design points 0.3 m (1 ft) above the bottom of ~ch shell course. 
Appendix A permits 01tly this design method. This method shall not be used for tanks larger than 61 m (200ft) in diameter. I 08 

• 5.6.3.2 The required minimtml thickness of shell plates shall be the greater of the values computed by the following fonnulas: 

• 

• 
• 

• 
• 

In S! wilts: 

where 

_ 4.9D(H -0.3)G+C 1 '"- / S,, 

_ 4.9D(H-0.3) 
t,- s, 

tr~ = design shell thickness, in mm, 

11 = hydrostatic test shell thickness. in mm, 

D = nominal tank diameter, in m (see 5.6.J .l, Note 1), 

H = design liquid leveL in m . 

height from the bottom of the cotu·se under consideration to lhetop of the sheU including the top angle, if any; to the 
bottom of any overflow that limits tbe tank filling height: or to any other level specified by the Purchaser. restric.:ted 
by an internal floating roof. or controlled to allow for seismic wave action. 

G = design specific gravity of the liquid to be stored. as specified by the Ptu·cbaser . 

CA = con-osion allowance. in mm, as specified by the Purchaser (see 5.3 ,2) • 

Sd = allowable stress for the design condition, iu MPa (see 5.6.2. I), 

s, = allowable stress for the hydrostatic test condition, io MPa (see 5.6.2.2). 

In US Customary tm.its: 

where 

_ 2.6D(H- l )G C, 
l,j- + rt 

s" 
_ 2.6D(ll- 1) 

I,- S, 

ld = design shell thickness (in.), 

t1 = hydrostatic test sbelllhickncss (in.). 

D = nominal tank diameter, in ft (see 5.6.1.1. Note 1 ), 

H = design l.iquid leveL (ft). 

height from fhe bottom of the course under coosiJeration lo the lop offhe shell including the top angle, if any: to the 
bottom of any overflow that llmil.$ the tauk filling heigb~ or to any other level specified by the Purchaser, restricted 
by an intemal floating roof, or controlled to allow for seismic wave action, 

G = design specific gravity of the liquid to be stored, as specified by the Purchaser, 

CA = cotros.ion allowance, (in.). as specified by the Purchaser (see 5.3.2), 

sd = allowable stress for tbe design condition. (lbtYin.2) (see 5.6.2.1), 

s, :::: allowable stress for the hydrostatic test c.:ondition. (lbf/i11.2) (see 5.6.2.2). 
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5.6.4 Calculation of Thickness by the Variable-Design-Point Method 

Note: This procedure uonnally provides a reduction in shell-course thicknesses and lotalmaterinl weigbt, bnt more important i_s its potential to 
pemtit coustTUCtiOII of larger diameter tanks within the ma~um plnte thickness limitation. For backgrotmd informatio.n, see L.P. Zick andR. V. 
McGrath, "Desi~;n of Large Diameter Cylindrical Sbelli.''~S 

• 5.6.4.1 Design by the variable-design-point method gives shell thicknesses at design points that result in the calculated stresses 
being relatively close to the actual circtm1ferential shell stresses. This method may only be used when the Purchaser has not spec
ified that the 1-foot method be used and wl~~:~n the follo\vi.ng is true: 

ln Sl lmits: 

where 

L = (500 Dt)0.5, in mm, 

D = tank diameter, inm, 

L ~ JOOO 
H 6 

11 I t = bottom-comse conoded shell thickness, in nun. 

f1 = maximum design Uqnid level (see 5.6.3.2). inm. 

ln US Customary Lmits: 

where 

L = (6 Dt)0.5, (in.), 

D = tank diameter, (tt), 

L ~ 2 
H 

n 1 I = bottom-course corroded shell thickness. (in.), 

ll 

07 

H = maximum design liquid level (see 5.6.3 .2), (ft). 

5.6.4.2 The minimum plate thicknesses fur both the design condition and the l1ydrostatic test condition shall be detennmed as out
lined. Complete. indepentlent calculations shall be made for aU of U1e courses for the deslgn condition and for the hydrostatic test 
condition. The required shell thickness for each course shall be the greater of the design shell tb.i.ckness plus any con·osion allowance 
oi' the hydrostatic test shell thickness. but the total shell U1ickness shall not be less than the shell thickness required by 5.6.1. 1. 5.6.1.3. 
and 5.6.L4. When a greater thickness is used fot a shell course, the gteater thickness may be used for subsequent calculations of the 
thicknesses of the sbe!J courses above the course tl1at has the greater Urickuess. provided the greater thickness is shown as the 
required design thickness on the Manufactw·er's drawing (see W.3). 

5.6.4.3 To calculate the bottom-course 1bicknesses, preliminary values rprl and tp1 for the design and hydrostatic test conditions 
shall first be ca1cu.lated from the fom1tlias in 5.6.3.2. 

5.6.4.4 111e bottom-cow-se thicknesses tIll and t 11 for U1e design and hydrostatjc test conditions shall be calculated using !he fol
lowing formulas: 

In Sf units: 

= (t 06 _ 0.0696DJ¥G'\(4.9HDG\ + CA c," · H s-:J s -J 
" .t 

18L.P. Zick and R. V. McGrnfu. "Desi!PJ of Large Diameter Cylindrical SheUs.'' J>roceeding~·-Divisiou ofRefining, American Petroleum Inslrtute. 
New York, 1968. Vohllllc 48, pp. 1114 - 1140. 
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In US Customary units: 

;: ( l 06 - 0.463Dff,. GI(2.6HDCJ\ + CA 1
' '1 · H s~ J s -; ,, ,, 

Note: For the design condhion. ltd need not be greater U1an ''"'' 

fn Sl1111its: 

= (l 06 _ 0.0696D fH\(4.9HD\ 
tlt . }/ ~s! s, ; 

fn US Customary units: 

1 ; ( t.OG - 0.463D flil(2.6HD\ 
,, H ~S/ s, ) 

Note: For the hydrostatic test condition. t 11 need not be greater lhnn/p1• 
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5.6.4 .5 To calculate tl1e second-course thicknesses for botJ1 the desjgn condition aod the hydrostatic test condition, the value of 
the foUowing ratio shall be calculated for the bottom course: 

where 

/11 height of the bottom shell course, in mm (in.). 

r = nominal tank radius. in min ( iri.), 

/1 = calculated cormded thickness of the bottom shell course, in mm (in.). used to calculate t2 (design). 1l1e calculated 111 
hydrostatic thickness oftbe bottom shell cotu'Se shaU be used to calculate t2 (hydrostatic test). 

Iftht: value of the ratio is Jess than or equal to 1.375: 

If the value of the ratio is greater than or equal to 2.625: 

If the value of the ratio is greater than 1.3 75 but less t11an 2.625.: 

where 

t2 minimmn design thickness of the second shell comse. in nm1 (in.). 

lu1 = oonoded thickness of tht: second sbell course, in mm (in.). as calculated. for au upper shell comse as described iu 

5.6.4.6 to 5.6.4.8.1n calcuJating second shell course thickness (t2) for design case and hydrostatic test case. applica
ble values of t2a and t1shall be used. 

The preceding f01mula for t2 is based on the same allowable stress being used for the design of the bottom 1md second courses. 
For tanks wbere the value of the ratio is greater than or equal to 2.625. the allowable stress for tl1e second course may be lower 
than tbe allowable stress for the bottom course when the methods described i.n 5.6.4.6 through 5.6.4.8 are used. 

11 



5-18 API STANDARD 650 

5.6.4.6 To calculate the upper-course thicknesses for both the design condition and the hydrostatic test condition. a preliminruy 
11 1 value 111 fo1· fue upper-course COITOded thickness shall be calculated using the formulas in 5.6.3.2, ru1d then the distance x of the 

variable design point from the bottom of the course shaiJ be calculated using the lowest value obtained from the follo..,ving: 

[n SI units: 

where 

X] = 0.6 I (11 11)0.5 + 320 C'/1 

x2 = 1000 C'H 

1:3 = 1.22 (r1u)O 5 

u 1 t u = con·oded thickness of the upper course at the girth joint, in nun. 

C = [1\-o 5 (K- I )]/(1 + Kl.S). 

K = It l t11• 

11 1 tL = COITOded lh ickness of U1e lower course at the girth joint, in mm. 

• H = design liquid level (see 5.6.3.2), in m. 

In US Customary units: 

• 

where 

x 1 = 0.61 (r11J0.5 + 3.84 CH 

X2 = 12CH 

XJ = 1.22 (rt u)O.S 

11 1 111 = conuded thjckness oft he upper course at the girth joint. (in.). 

C' = [1\-o.s(K- 1)]/(l +Kl.S), 

K = tL I 111• 

uJ fL = coiToded U1ickness of the lower course at tl1e gu1hjoi.nt. (in.). 

• H = design liquid level (see 5.6.3.2), (ft). 

5.6.4 .7 The minimum thickness t_,. for the upper shell courses shall be calculated for both the design condition (ldx) and the 
hydrostatic test condition (t1J using the minimum value of x obtained from 5.6.4.6: 

In Sl units: 

ln US Customruy 1mits: 

t,. = - -----=s __ _ 
I 

2.6D( H -
1
-hl G 

1,., = + C'A sr1 

t,. .:: ----s, 



~LDEO TANKS FOR OIL SrORAGE 5-19 

5.6.4 .8 The steps desciibed in 5.6.4.6 and 5.6.4. 7 sl1all be repeated using the calculated value of lx as 111 Wltilthere is little dif
ference between the calcnla!ed values of ~r iu succession (repeating tlte steps twice is nom1ally sufficient). Repeating the steps 
provides a more exact location of the design point for tl1e course tmder consideration and, consequently. a more accurate shell 
thickness. 

5.6.4.9 There are two examples provided in Appendix K. Example# 1 are step-by-step calculations illustrating an application 
of the variable-design-point method to a tnn.k with a diameter of R5 m (280 fl) and a height of 19.2 01 (64ft) to detetmi.ne shell
plate thicknesses for the fu·st three cow-ses fot the hydmstatic test condition only. Example #2 demonstrates the vruiable-design
point design method in US Customary units for a tank with a diameter of280 1t atld a height of 40 ft with vruying co!1'osion allow
ances and varying mate1ials for both the design and hydrostatic test conditions. 

5.6.5 Calculation of Thickness by Elastic Analysis 

For tanks where LfH is greater than 1000/6 (2 in US Customruy Wlits), t11e selection of shell thicknesses shall be based on an 
elastic ru1alysis that shows the calculated circumferential sl1ell stresses 1o be below the allowable stresses given in Tables 5-2a 
and 5-2b. The boundary conditions for tbe analysis shall assume a fully plastic moment caused by yielding of the plate beneath 
the shell and zero radial growth. 

5.7 SHELL OPENINGS 

5.7.1 General 

5.7.1.1 The following 1·equiremenrs for shell openings are inteJ\ded to restrict the use of appm1enances to those providing for 
attachment to the sl1ell by welding. See FiglU'e 5-6. 

1l 

5.7.1.2 The shell opening designs described in this Standard ate required, except for altemative designs allo"~>ved in 5. 7.1.8. J IJ7 

5.7.1.3 Flush-type cleanout fittings and flush-type shell connections shall conform to the designs specified in 5. 7. 7 1md 5. 7.8. 

• 5.7.1.4 When a size intennediate to the sizes listed in Tables 5-3a through 5-12b is specified by the Purchaser, the construction 1 os 
details and reiflfo1·cemeJ1ts shall confonu to the next larger opening listed in the tables. The size of the opening or tank connection 
shall not be larger than the maximum size given in the appropriate table. 

5.7.1.5 Openings near the bottom of a tank shell will tend to rotate ·with vertical bending oftbe sheiiWlder hydrostatic loading. 
Shell openings in this area that have attached piping or other extemal load<; shall be reinforced not only for the static condition but 
also for any loads itllposed on the shell connections by the restraint of the attached piping to the shell t'Otation. The extemalloads 
shall be minimized, or the shell connections shall be J'elocated outside the rotation ::rrea. Appendix P provides a meU1od for evalu-
ating openings that confonn to Tables 5-6a and 5-6b. I os 

5.7.1.6 Sheared or oxygen-cut surfaces on manhole JJecks, nozzle necks, reinforcing plates. at1d shell-plate openings shall be 
made unifOJru and smooth, with the comers rounded except where the surfaces are fully covered by attachment welds. 

5. 7 .1. 7 ShelJ openings may be reinforced by the use of an insert plate per Figure 5-78. The inse~t plate tnay have the same 
thickness as ru1 adjacent shell plate or may be thicker to provide reinforcing. A rectangulru· inse11 plate shall have rounded corners 
(except for edges tenninating at the tank bottom o1· at joints between shell oo\.ltSes) with a radius which is greater Ulatt or equal to 
tl1e larger of 150 1l1l11 (6 in.) or 6t where t is the thickness of the shell course containing the insert plate. TI1e insett plate may con
tain multiple sheJI openings. The thickness atld dimensions of iJ1se11 plate shaU provide the reinforcing required per 5. 7.2. The 
weld spacing shaU meet requirements of 5. 7.3. The periphe1y of insert plates shall have a 1 :-I tapered lmnsition to the thickness of 
the acUacenl shell plates when the inseJt plate thickness exceeds the adjacent shell thickness by more than 3 nun (I /s in.). 

• 5.7.1.8 The shape and dimensions of the shell opening reinforcement, illustrated in Figtu·es 5-7A. 5-7B,and 5-8 and dimen
sioned in the related tables may be altered as long as the reinforcement meets the area, welding. and weld spacing requirements 
outljned in 5.7.2 and 5.7.3. Fot· reinforoi11.g plates greater than t;2 in. U1ick, with approval of the Ptu·chaser, reinforcement and 
welding (excluding weld spacing) of shell openings that comply with APl Std 620 Section 5 are acceptable. These statements of 
permissible altematives of shell opening reinforcement and welding do not apply to flush-type cleru1out fittings, tlusb-lype shell 
com1ections or similar coniigw·ations. 

5.7.1.9 The flange facing shall be suitable for the gasket atld bolting employed. Gaskets sball be selected to meet the service 
environment so that the required seating load is compatible with the flange rating at1d facing, U1e strength of the Oange, and its 
bolting (see 4.9). 

08 

u 
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Note: 
RTR 

LTR 

S-N 

Shell honzonlal butt-weld---.... 

B s B B 

A 

Regular-Type Reinforced Opening (nozzle or manhole) with diamond or circular shape reinforcing plate or insen plate that 
does not extend to the bottom (see Figure 5-7 A and Figure 5-8). 

= Low-Type Reinforced Opening (nozzle or manhole) using tombstone type reinforcing plaie or insert plate I hat extends to the 
bottom [see Figure 5-8, Detail (a) and Detail (b)]. 

"" Shell openings with neither a reinforcing plate nor with a thickened insert plate (i.P.. , integrally reinforced shell openings: or 
openings not requiring reinforcing). 

Vari<~b l es Reference Minimum Dimension Between Weld Toes or Weld Centerline (1)(3) 

SJ1ellt Condition Paragraph A (2) B (2) c (2) D (3) E (2) F (4) G (4) 
Number 

£512.5 mm As 5.7.3.2 150 mm (6 in.) 75 mm (3 in.) 75 mm (3 in.) 
(ts 11?.in.) welded or 21/lr or 21/lt 

or 5.7.3.3 75 mm (3 in.) 
PWHT or 21M 

5.7.3.3 75 mm (3 in.) 
for S-N 

5.7.3.3 Table 5-6a 
• 5.7.3.4 and 81 or lf2 r 
• 5.7.3.4 Table 5-6b 8/ 

l > 12.5 mm As 5. 7 .3.1.a 8Wor 8Wor 
(1 > 1/2 in.) Welded 250 mm (I 0 in.) 250 mm (10 in.) 

5.7.3.\.b 8Wor 
150 rnm (6 in.) 

5.7.3.3 !lWor 
250 mm (l 0 in.) 

5.7.3.3 75 mn1 (3 in.) 
for S-N 

5.7.3.3 Table 5-6a 8/or 1!2 r 
• 5.7.3.4 and 8/ 
• 5.7.3.4 Table 5-6b 

t> 12.5 mm PWHT 5.7.3.2 150 mm (6 in.) 75 mm (3 in.) 7 5 rnrn (3 in.) 
(t> 1/2 in.) or 21/zt or 21/zt 

5.7.3.3 75 mrn (31n.) 
or 21/zt 

5.7.3.3 75 mm (3 in.) 
for S-N 

5.7.3.3 Table 5-6a 
• 5.7 .3.4 and 8tor 1/2 r 
• 5.7 .3.4 Table 5-Gb 8£ 

Notes: 
1. If two requirements are given, lhe minimum spacing is thefseater value. except for dimension" F." See Note 4. 
2. r =shell nominal thickness. 8 W = 8 limes d1e largest wei size for reinforcing plate or insert plate periphery weld (fillet or butte~ veld) 

from the toe of the periphery weld to the centerline of the shell buu-weld. 
3. D= spacing distanc~ established by minimum elevation for low-tyfe reinforced o~en ings from Tables 5-6a and 5-6b. column 9. 
4. Purchaser option to allow shell openings to be located in horizonta or vertical sh~ I butt-welds. See Figure 5-9. 

f= shell nominal thickness, r= rndius of opening. Minimum spacing for dimension Fis the Jesser of8tor 1/2 r. 

Figure 5-6-Minimum Weld Requirements for Openings in Shells According to 5.7.3 
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Table 5-3a-(SI) Thickness of Shell Manhole Cover Plate and Bolting Flange 

Column I Column 2 Co!Wlm 3 Colmlm4 Column 5 Column6 Colunm 7 C'ollmm8 COl1Unn9 CQlumn 10 

Max. Design Minimwu ·nticlmess of Cover Plateb (1,.) Minimum 11litkness of Bolting Flange After Finishingb (y) 
Liquid Level Equivalent 

900 nmr 5001111i1 600 nun 750mm 900111111 Ill J'ressurett 500mm 600mm 750nnn 
H kPa Manhole Manhole Mauhole Manhole Manhole Manuole Manhole Manhole 

5.2 51 8 10 ll 13 6 6 8 10 

6.7 66 10 11 l3 14 6 8 10 11 

8.0 78 10 Jl 14 16 6 ll ll JJ 
08 

9.9 97 11 13 16 18 8 10 13 14 

11.1 109 13 14 16 19 LO II 13 16 

13.4 131 13 1-1 18 21 10 11 14 18 

16.1 158 J..j 16 19 22 II 13 16 19 

18.6 182 16 18 21 14 13 14 18 21 

22.9 224 18 19 24 25 13 14 18 24 

aEqujvaleut pressure is based on wnter loading. 
hFor addition ofcoiTosioll aUowaoce. see 5.7.5.2. 
ccover Plate and Flange thickness given can be used on Manholes dimensioned to .ID or OD. 
Note: See Figure 5· 7 A. 

Table 5-3b-(USC) Thickness of Shell Manhole Cover Plate and Bolting Flange 

Colunm I Colwnol ColumnJ Column4 Cohrnm5 Colwnn 6 Colwnn 7 C'ohrmn S Coluom9 ColmnoiO 

Max.Desigo 
Equivalent 

Minimum Thicl.:ness of Cover Plateh (1,) MinitnUt11 11uckness of Bolri:og Flauge After Finjsb.ingb (IJ} 
LillUid Level 

tl J>ressur& 20 in. 24 in. 301u. J6ih. 20io. 24 in. 30 in. 36 in. 
H lht7in.2 Manl1ole Manl1ole Manl1ole Manhole Manhole Manhole Manhole Manhole 

17.1 7.4 ~116 3fg 11J6 lf1 lf4 1/4 5!J6 3fg 

21.9 9.5 3/8 7 lt6 1/2 9/16 1f4 51t6 3ts 7f16 

26.1 11.3 3/s 71t6 9fl6 5/s 1/4 51t6 7/)6 lf2 

32.6 14.1 7116 112 s;s 11!16 5116 3/s It?. 9f16 OS 

36.5 15.8 t;~ 91t6 5/s 3/4 3fs 7h6 1(1 51s 

43.9 19 1/2 9tl6 llft6 l.3fl6 31s 11J6 9/16 llft6 

52.9 22.9 9/16 )fs 3(4 1fg 1f16 lfl s;s 3f4 

61.0 26.4 5fs 11 /t6 13ft6 \5/16 1/2 9116 111111 13/16 

75.1 32.5 ll!J6 3/4 15/16 lf! 9Jt6 11/ 16 15/16 

~Equivalent presstrre is based on water loadi.ug. 
bfor addition of corrosion allow:mce, see 5. 7.5.2. 
CCovet· Plate and Flange tllickuess given can be used on Maub.oles dimensioned to ID or OD. 
Note: See Figure 5-7 A. 
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Table S-4a (SI}-Dimensions for Shell Manhole Neck Thickness 

lluckness ofSheU and 
\llinimwn Ned. Tiuckn~.sb • r, mm 

1\ lanbolc Rcmforcong For Manhole Diameter For Manhole Diameter for Manhole Dl3meter For Manhole Diametcr 
Plate" I and 1 500mnJ 600mm 750mm 90\lmm 

.5 5 s 5 5 
6 6 6 6 6 
8 6 6 8 8 
10 6 6 8 10 
11 6 6 8 10 

12.5 6 6 8 10 
14 6 6 8 10 
16 6 6 8 10 
18 6 6 8 10 
19 6 6 8 10 
21 8 6 8 10 
22 10 8 8 10 
24 11 11 II 11 

25 II I I 11 ll 
27 11 11 II 11 
28 13 13 13 l3 
30 H 14 14 14 
32 16 l4 14 14 

33 16 16 16 16 

35 17 16 16 16 
36 17 17 17 17 
38 20 20 20 20 
.w 21 21 21 21 
41 21 21 21 21 
43 22 22 22. 22 
45 22 22 22 22 

ntf o shell plnte tiJ•cker !han reqwed 1s used for !he produd 3nd hydroslllhc loodiog (see 5.6), the excess shell-plate !hicl.ness. within a 
vcrtiC3l cbst:mce bolh nbove aud below !be centerline of !he hole iu !be tauk sheU plate equal to !he vertical dunension of !he hole in the 
tank shell plute, mny be considered as reiuforceo1ent, and lhe U1ickness T of tlltl manhole reinforcing plate mny be decreased accord
m~;ly IJl such cases, the reinforcement and tbe attaclunent welding shall conform to the design limits for reinforcement of shell open
ing.s sperilied in 5, 7.2. 
bftelflforccment shnll be oddcd if !he oeck thick):less is less than th~t shown UJ the columo. ll1e minimum ned, thtckness shall be lhe 
thict.ncs.q ()ft·hc shell£1nte or the nUowable finished thic~11ess oftb~ boltiJl& flange (see Table 5-Jn), whichever is !It inner, but iu no case 
shnllthc neck in a butlt· up manhole be thinner tllrut tbe thicknesses given. lfthe neck Lhict.nes~ on n built-up m3nhole is greater than 
t11e rcqtured otinimum, the m:wholc reinforcmg plate may be decreased accordingly within the limns spectfied m 5.7 ~. 
'For nddttiou of corrosion allowance, see 5.7.5.2. 

Table 5-4b-{USC) Dimensions for Shell Manhole Neck Thickness 

Thict.ness of Shell and 
Manhole Rcmtorciog 

Plate• t nnd T 

,,6 
,,4 
s,,6 
3'· 
7/16 

'h 
91t6 
5/s 

11ho 
3/~ 
u,,6 
1fs 

For Mnnbole Diameter 
20in. 

Mmimlll1l Neck ·ouckncssb.• r,lo 

for Manhole Dtameter For Manhole Diameter For Manhole Diameter 
N~ mm H~ 

/ ]6 ·'/16 l t6 
114 114 114 
1/4 ~,,6 51t6 
1/4 5/16 3/a 

''4 5lt6 3/s 
'I~ 51t6 3/a 
''~ s/16 3/s 
lf4 s,,6 3/g 
1/1 5/16 3/s 
1/4 51t6 3/s 
1/4 5/t6 3/s 
5/16 5/16 

3/s 
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Table 5-4b-{USC) Dimensions for Shell Manhole Neck Thickness (Continued) 

'lltiCkness of She I I and 
Minimum NeckThicknessb.o /11 in. 

Manhole Rcinforciug. 'For Manhole Diameter For 1\iraobole Dinmeler For Manhole Diameter For Manhole Diameter 
Plate" I and T 20iJL 24 in. JOin. J61n. 

lt6 ft6 IJ6 lt6 /16 

l 7ft6 1ft6 1ft6 7116 

11ft6 1JJ6 7116 71t6 1116 

II fa 112 l!z lf'J. t;2 

L31t6 9/!6 91t6 9J)6 9fl6 

15116 5Js 9fl6 9/16 9fl6 

t3Js ) fs 5Js SJs Sfs 

t3/s 111t6 5Js sis SJs 

17/16 11fl6 11116 llfl6 11/16 

Jlh 3J4 3J4 3/4 3f4 

19h6 131t6 131t6 13/ !6 13/16 

t5fs 13/16 13ft6 131J6 13[ 16 

l 11ft6 7;8 7/g 1Jg 7/s 
13/~ 7/s 7Js 1Js 1JR 

4 1f a shell plnte thicker thau required is used for the product and hydrostatic loading (see 5.6). the excess shell-plate thickness, \vithlu n 
vertical distance bod1 nboveand below !he centerline of the hole in r.be tanl; shell plate equal to tbe ve•tical climensioo of the l10le in th" 
lank ~be.U plate, may be cousldered ns reiuforcemeot, and tbe thickness Toftbe m.1nbole reinforcios plate may be decreased accord
ingly. In such cases, ll1e reinforcemen~and the 3ttnclmJeot welding shall conform to !he desigo limits lor rt'inforccment ofsboU open
ings specified in 5. 7.2. 
hRciu±orcement shall be added if the neck lhickness is less tbao r.bat shown in the column. Tlu~ mioimwu neck lhickness shall be the 
thickness of tbe sbeU plate or the allowable finished thickness of the bolting flange (see Tobie 5-3b). whichever is thinner, but in no 
case shall lbe neck in a built-up manhole be thfuner thau the r.bicknesses given. If the neck lhickru:ss on n built-up manhole is greater 
th:w the required miu.im.um. the lllanhole retnforciug plate may be decreased accordingly wilhintbe Li.tuits ~-pccified in 5.7.2. 
"For addition of corrosion allowance, see 5. 7.5.2. 

5.7.2 Reinforcement and Welding 

5-23 

5.7.2.1 Openings in tank shells larger than required to accommodate a NPS 2 flanged or1hreaded nozzle shall be rein1orced. 
The minimum cross-sectional area of the required reinforcement shall not be less than the product of the ve11ical diameter of the 
hole cui in the sheU and the nominal plate 1J1kkness. but when calculations are made for the maximUin required th ickness consid
ering aU design aod hydrostatic test load conditions, the required thickness may be used in lieu of the nominal plate thickness. The 
cross-sect ion al area of the reinforcement shall be mensured vertica !Jy, coincident "'~ th the diameter of the open.ing. 

•5.7.2.2 'The only sheU openings th.ar may utilize welds having less than fuiJ penetration through the shell are those that do not 
require reillforcement aod those tbat utilize a thickened insert plate as shov.'ll in l:'igw·es 5-7B and 5-8. However, any openings 
listed in Table 3 oft he Data Sheet !J1at are marked ·'yes'· Wlder ·'Full Penetration on Openings" shall utilize welds that fully pene
trate the sbell and the reinforcement, if used_ 

5.7.2.3 Except for flush-type openings and connections. aU effective reinforcements shall be made wiilii.o a distance above and 

08 

bdow the centerline of the shell opening equal to the ve1tical dimension of the hole in the tank shell plate. Reinforcement may be 07 
provided by any one or any combination of the following: 

a. ll1e attachment flange oftbe fitting. 

• b. TI1e reinJorcing plate. Reinforcing plates for manholes, nozzles. and othe.r attachments shall be of the same nominal composi
tion (i.e .. same ASME P-number and Group Number) as the tank part to which they are e1t1ached. Lmless approved othenvise by 

• the Purchaser. 

c. The pmtion of the neck of the fitting that may be considered as reinforcement according to 5-7.2.4. 
d. Excess shell-plate thickness. Reinfojceruent may be provided by any shell-plate thickness in excess of the thickness required 
by the governing load condition within a veLtical distance above and below the centerline of the hole in the shell equal to the ver
tical dimension of the hole in the tank shell plate ac; long as the extr<l shell-plate tl1ickness is the actual plate thickness used less the 
required thickness, calculated at the applicable opening. considering all load conditions and the corrosion allowance. 

e. The mate1ial in t11e nozzle neck. ·n1e strength of U1e material in U1e nozzle neck used for reinforcement should preferably be the 
same as tl1e strength of the tank. shell. but lower strength material is pe1missible as reinforcement as long as the neck material has 
minimtml specified yield and tensile strengths not less than 70% and 80%, respectively. of U1e shell-plate minimum specified 
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500 mm (20'') and 600 mm (24'') shell manholes: twemy·eight 20 mm-diameter PI•") bolts in 23 mm (1/6'') holes 
750 mm (30") and 900 mm (36") shell mar'lholes: forty-two 20 mm·diameter (3/<J bolts In 23 mm ('ts•) holes 
(Bolt holes shall ~'traddle the flange venlcal centerline.) 

Gasket (see Note 1); 
500 mm (20") manhole: 645 mm (25'1•') 00 • 508 mm (20'.110' 3 mm (WI thickne;s 
600 mm (2~ ·1 m~ohole: 746 mm (29'1i') 00' 610 mm (24"1 10 ' 3 mm ('/•') thickness 

(See Figure 5·78) 750 mm (30") manhole: 899 mm (35W)OO '762 mm (30") 10 ' 3 mm ('le') thickMss 
-r7-Er---.. 900 mm (36•) marthole: 1051 mm (4 1'/l") 00 '914 mm (36") ID' 3 mm rt1') thickness 

One 6 mm C'l•") telltale 
hole In reinforcing plate, 

011 horizontal 
centerhne 

Reinforcing pad 
shall be shaped 
to suit tank 
curvature 

-Ld I I 
Dfl D., 

6mm('/<'') 
(see 
NoteS) 

~~-~ 

Derail a 

t" (see 
Note4) 

L 125 mm {5") minimum-+-,._....N 
31 rnm (1 1/4') 

.~---1-- Rounded corners 
(lSO mm [6"] minimum radius) 

500 mm (20") and 600 mm (24") manhole: 750 mm (30") 
750 mm (30') manhole: 900 mm (36") 

900 mm (36') manhole: 1050 mm (4 2") 
(Increase as necessary for weld clear a nee) 

Rounded 

Detail b 

See 
Figure 
5-78 

(See 
Nott> 7) 

Notes: • 7. The minimum center1ine elevations allowed by Tables 5-6a and 
5-6b and Figure 5·6 may be used when approved by tt1e Pur
chaser. 

'1. Gasket material shall be specified by tne Purchaser. See 5.7.5.4. 
2. The gasketed face shall be machine-finished to provide a minimum 

gasket-bearing width of 19 mm (3/4in,). 
3. See Tables 5-Sa and 5-3b. 
4. See Tables 5-4a and 5-4b. 
5. The size of the weld shall equal the thickness of the thinner member 

joined. 
6. The shell nozzles shown in Figure 5-8 may be substituted for 

manholes. 

8. For dimensions for 00. DR, 00 , L, and W see Tables 5-6a and 5-Bb, 
Columns 2, 4, 5, and 6. For Dimension Op see Tables 5-7 a and 5-
7b, Column 3. 

9. At the option of lhe Manufacturer, the manhole ID may be set to 
the OD dimension listed in Tables 5-6a and 5-6b, Column 2. Rein
forcement area and weld spacing must meet 5.7.2 and 5.7.3 
requirements respectively. 

Figure 5-7A- Shell Manhole 



Nozz le <t----- -------------------------------------------------- <t 
0 

Neck bevel should be 

about 10 degrees l 
Round and grind 

5-Ba. 5-t>D, 5-7 a or~ 7b) 
(SceTablos ~ 

l 1 .S mm ('M') J: (See Note 1) 

J -.[-J 
(See Tables 5-63, 5·6b, 

S-lo 0< !>-7b) 

"' 1.5 mm T ('M) 
I < n; . ;, nl 

(See Note 1) 

( Manufacturer's standard tn - •- ) &:b.'~ Manufacturer'~ ~tandard -r- CJ'lm ~ (15 degrees mtntmum. 
(Seo Thllt•• 5-7 a or 5-_7_b_) -A-.V-7''----l"l . - 35 degrees maximum) 

t (15 degrees minimum, 
.~ 35 degrees maximum) 
;y~ ~ 

Round comer if weld <T ~ 

Tor t V ~ 
(40 mm (1 W') maximum) ~ 

T I 

L<Jnd W (Tables 5-6a or 5-Gb) or D 

MANHOLE OR NOZZLE 

(Soo Tablos 5-7• or 5·7b0J'~ 
Round comer if weld <T if 

Tort V 
[40 mm (1 112") maximum) _ 

T t + t 
NOZZLE 

----------------- --------<t Nozzle <t-----------~ckbevelshouldbeabout10d~grees - J~~-- J 
(SooTabtesS-63, 5-61>. ~7ao~5-lb) Round and gnnd corner '13(1 + T) min ~ 

I''•(T • I)""" ?\ 1 (mlo) /\ "I ij ~ 
t lfi~ ~H~i ~ .S 

In _ -- c "-< ~ 450 (Soo 1'.-.bfes 5-7a or ~7b) 
• 45• \: v; 4,50 

-E 1.5 mm ftt~') A V 
1.5 mm ( "' ) oj A 110 mm (W') maximum] 

- T+t 
0 

(SeeNote3) 
4

b 
1
--

(min) _ _ _ _ 1~e __ 
1 -- - - -- Altemahve - - Radiograph ----'1 :J neck detail ~81 2 2 -- t (Sa see . . · • 

__ Note~L_ _______ -~~_d) ___ l 

-shell __/ 

Bottom 

D0 (min) 

Altemative 
bevel 

~~-----

INSERT-TYPE REINFORCEMENT FOR MANHOLES AND NOZZLES 

Land Wor 0 0 
(Sao Thbles 5-6a or 5-6b) 

Shell joint or outer 
periphery of 
insert plate _, - -

Notes: 4. Other petmisstble Insert details are shown in Figure 5-B of API Std 620. 
1. See Tables 5-7a and 5-7b, Column 3. for the shell cutout. which shall not 

be less than the outside diameter oft he neck plus 13 nun rt2) in. 
2.. See 5. 7.3 for minimum spacing ot welds at opening connections. 
3. The weld Stze shall be either A (from Table 5-7 a and 5-7b. based on t) or t, 

(minimum neck thickness from Tables 5-4a, 5-4b, 5-68, 5-6b. and 5-7a 
and 5-7 b), whichever ts greater. 

The reinforcement area shall conform to 5. 7 .2. 
5. Dimenstons and weld sizes that are not shown are the same as those 

given in Figufe 5-7 A and Tables 5-4a- 5-Bb. 
• 6. Derails of welding bevels may vary from those shown if agreed to by the 

Pufchaser. 

Figure 5-78-Details of Shell Manholes and Nozzles 
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5-26 

Single Flange 

Notes: 

/ 

T 

API STANDARD 650 

Arc distance 

One 6 mm (W ') telltale hole 
in reinforcing plate, 

on horizontal centerline 

REINFORCING PLATE 

-J--1- J__ , , __ t 

(See Figure 5-76) 

Victaulic groove 
orlhreads 

Double Flange Special Flange 

REGULAR-TYPE FLANGED NOZZLES, NPS 3 OR LARGER 
(Bolt holes shall straddle nange centerl1nes} 

Chip 

See Note 1) 

1/2 [6 mm ('!.'') minimum] 

~~:rr 
~(SeeNote6) so• 

Detail a Deta11 b 
LOW-TYPE FLANGED NOZZLES, NPS 3 OR LARGER 

(Bolt holes shall straddle flange centerflnes) 

1. See 5.1.5.7 for information on the size of welds. 
• 4. Details of welding bevels may vary from those shown if agreed to 

by the Purchaser. 
2. See 5.8.9 for information on the couplings used in shell nozzles. 
3. Nozzles NPS 3 or larger require reinforcement. 

5. Shop weld not attached to bottom plate. 
6. See 5. 7.6.2 for information on supplying nozzles flush or with an 

internal projection. 

Figure 5-8- Shell Nozzles (See Tables 5-6a, 5-6b, 5-7a, 5-7b, 5-8a and 5-8b) 



INELDED TANKS FOR Oil STORAGE 

-·1~~ 
- It I-

Dimension 
A= size of 
fillet weld A 
(see Note 1 

--1 t j--1 0 mm (W') 
maJ<Imum 

--1 t j--10 rl)m era") 
maxtmum 

Type a Typeb Typec Typed 

COUPLINGS AND FLANGED FmiNGS, NPS 3/• THROUGH NPS 2 (SEE NOTE 9) 

Notes: (continued) 
7. See Tables 5-7a and 5-7b, Column 6. 
8. lmln shall be 19 rnm (314 in.) or the thickness of either part joined by the fillet weld, whichever is less. 
9. The constructfon details apply to unretnforced threaded, non-threaded, and flanged nozzles. 

Ftgure 5-8-Shell Nozzles (continued) 

Table 5-Sa-{SI) Dimensiohs for Bolt Circle Diameter Db and Cover Plate Diameter De for Shell Manholes 

Columu1 

Manhole Diameter OD 
Dltn 

500 

600 

750 

900 

Note: See Figure 5-7 A. 

Column2 

Bolt· Circle Diameter Db 
llJJll 

667 

768 

92 1 

1073 

Cohunn 3 

Cover Plate Diameter/)~ 
lllUl 

730 

832 

984 

ll37 

Table 5-5b-(USC) Dimensions for Bolt Circle Diameter Db and Cover Plate Diameter De for Shell Manholes 

Coh= 1 

Manhole Diat11eter OD 
in. 

20 

24 

30 

36 

Note: See figure 5-7 A. 

Column 2 

Bolt Circle Diameter Dh 
in. 

Colurun3 

Cover Plate Dinrueter De
in. 

283/4 

J23h 

383/4 

443/4 

5-27 

1 us 

I os 

09 



5-28 API STANDARD650 

Table 5-6a-(Sl) Dimensions for Shell Nozzles (mm) 

Column 1 Co lll1l1ll 2 Columu3 Colnn:m4 CollJlllll 5 Colnmu6 Column 7 ColuJ.n:n 8 Colwnn 9c 
Nominal Diameter of Length of Side Minimum Minimum Distauc;e from Bottom 

09 Outside 1l1ickness of Hole In of Reinforcing Widtllof Distance from of Tank to Center of Nozzle 
NPS Diameter of Flanged Nozzle Reinforcing Platcb or Reinforcing SbeU-to-flaoge 

(Size of Pipe Pipe Wall11 Plate Diameter Plate Face Reg~tlar Typed Low Type 
Nozzle) OD 1, DR L=Do w .I HN c 

.. I 
Flanged Fittings 

60 1524.0 e 1528 3068 3703 400 1641 1534 
54 1371.6 c 1375 2763 3341 400 14!!8 1382 
52 1320.8 e 1324 2661 3214 400 1437 1331 
so 1270.0 c 1274 2560 3093 400 1387 1280 
48 1219.2 e 1222 2455 1970 400 1334 1230 
46 ll68.4 e 1172 2355 2845 400 1284 11 80 
44 Ill 7.6 e 1121 2255 2725 375 1234 1125 
42 1066.8 e 1070 2155 2605 375 1184 1075 
40 1016.0 e 1019 2050 2485 375 113 I 1025 
38 965.2 e 968 1950 2355 350 1081 975 
36 9l4.4 e 918 1850 2235 350 1031 925 
34 863.6 e 867 lH5 2ll5 325 979 875 
32 812.8 e 816 1645 1995 325 929 820 
30 762.() e 765 1545 1865 300 879 770 
28 711.2 e 7t4 1440 1745 300 826 72.0 
26 660.4 c 664 1340 1625 300 776 670 
24 609.6 12.7 613 1255 1525 300 734 630 
22 558.8 12.7 562 1 !55 H05 275 684 580 
20 508.0 12.7 511 1055 1285 275 634 525 
18 457.2 12.7 460 950 1160 250 581 475 
16 406.4 12.7 410 850 1035 250 531 425 
14 355.6 12.7 359 750 915 250 481 375 
12 313.8 12.7 327 685 840 225 449 345 

09 10 273.0 l2.7 276 585 720 225 399 290 
8 219.1 12.7 222 4&5 590 200 349 240 
6 168.3 10.97 171 400 495 200 306 200 
4 ll4.3 8.56 117 305 385 175 259 150 
3 88.9 7.62 92 265 345 175 239 135 
2r 60.3 5.54 63 150 175 h 
t1J2f 48.3 5.08 51 150 150 b 
lf 33.4 6.35 150 150 b 

3!/ 26.7 5.54 150 150 h 
Threaded and Socket-Welded Couplings 

JS 108.0 Coupling 111.1 285 360 245 145 
zr 76.2 Coupling: 79.4 175 b 
11/l (\3.5 Coupling 66.7 150 b 
Jf 44.5 Coupling 47.6 150 b 

31/ 35.0 Cm1pliug 38.1 1:50 h 

3For extra-strong pipe, see ASTM A 53M or A l 06M for odJer wall thicknesses; however, piping material must collionn to 4.5. 
bThe v.~dth of the sbeU plate shall be sufficient to contain the reinforcing plate and to tJrovide clearance from the girth joint oftJJe sheU course. 

• cLow type reinfo1·ced nozzles shall not be located lower than the minimlun distance shovvn in Coltuno 9. The minimum distance from the bottom 
shown in Column 9 complies with spacing mJes of 5.7.3 and Figure 5·6. 
dRegu1ar 1ype reinforced nozzles shall oot be located lower than the minimllllJ distance HN shoWD in Column 8 wl1en sheD thickness is equal 
to or less than 12.5 mm. Greater distances may be required for shells thicker than 12.5 nnn to meet the minimum weld spacing of 5.7.3 and 
Figure 5·6. 
esec Table 5-7a. Cohtmn 2. 
t'flangec;l nozzles and couplings in pipe sizes NPS 2 or smaller do not require reiuforcin,g plates. DR will be the diameter of the hole in the shell 
plate. and Weld A wiJI be as specified in Table 5-7 a. Column 6. Reinforcing plates may be used if the construction details comply \>vith rein-
forced nozzle details. 
llA coupling in an NPS 3 requires reioforcemenL 
hSee 5.7.3 and Figure 5-6. 
Note: See Figure 5-8. 



\1\.a.DED TANKS FOR OIJ. SrORAGE 5·29 

Table 5-6b-(USC) Dimensions for Shell Nozzles (in.) 

Column 1 Cohunn 2 Columu3 Colwnn4 Co1Ulllll5 Cohwm6 Coh:unu 7 Column 8 Cohunn 9c 
Nominal Diameter of Length of Side Minionun Minimum Distance from Bottom 09 

Outside Tb.ickness of Hole in of Reinforcing Width of Distance from of Tank to Center of Nozzle 
NPS Diameter of Flauged Nozzle Reinforcing Plate~> or Reiuforci.ug Shell-to-Flange 

(Size of Pipe Pipe WaJlD Plate Diameter Plate Face Regular Typed Low Type 
Nozzle) OD Ill Du L=Da w J HN c 

Flanged Fittings 
60 60 e 601/s 120% 1453/4 16 64.5/s 603Js 
54 54 e s.tl/8 1083/.j 13Jlf~ 16 585/s 543/s 
52 52 e 521/s 1043/4 U611~ 16 565/s 52% 11 

50 50 e so1ts 1003/.s J213/~ t6 545/s 503/s 
48 ~8 e 481/s 96)/.s 117 16 52>/s 483fs 
46 46 e 461/s 92% 112 16 505/s 463/8 
44 4~ e 441/s 883/ 4 1071/4 15 485/g 443/8 
42 42 e .nlfa &43/4 1021/2 15 465fs 423/8 
40 40 c 401/s &cP/.s 973/4 15 44s/s 403/s 
38 38 e 381/s 763/~ 923/4. 14 42% 383/g 
36 36 e 36Ifs 72% 88 14 405fs 363/s 
34 34 e 341/s 683/" 831/4 13 3&5/g 343/n 
32 32 e 321/s 643/4 781/l 13 365/g 323/s 
30 30 e 301/s 603/4 73 1 /~ 12 345/s 303/s 
28 28 e 281/g 56% 683/4 12 325/s 28% 
26 26 e 261/s 523/4 64 12 J05fs 263/8 
24 24 0.50 241Js ~9lJ, 60 12 29 24% 
22 22 0.50 22Ifs 45 1/~ 551/-l II 27 223/1 
20 20 0.50 20118 411/: 501h ll 25 2o3/4 
18 18 0.50 181/8 371/; 453/4 10 23 183/4 
16 16 0.50 161/a 3J1J, 40% 10 21 163/4 
14 14 0.50 141/s 291/; 36 10 19 143/-1 
12 123/4 0.50 J27ts 27 33 9 173/4 13'1~ 
10 103/4 0.50 J011s 23 281/4 9 153/_. 111/; 
8 8'18 0.50 g3f.t 19 231/q. 8 133/J 91h 
6 65/s 0.432 63/4 153/4 191/, 8 121ts 77/s 
4 41/, 0.337 45/g 12 J Sl f~ 7 J01J4 6 09 
3 Jlf; 0.300 35/s I01/1 131/2 7 91/z 5114 
2f 23/g 0.218 21 /2 6 7 b 
tlh f 1.90 0.200 2 6 6 h 
Jf 1.315 0.250 6 6 b 

3J/ 1.05 0.218 6 6 b 
Threaded and Socket-Welded Couplings 

3& 4.250 Coupliug 4 3fs J11f4 141 /~ 95/s 55/s 
2f 3.000 Coupliug 3lfs 7 ll 
111/ 2.500 Coupling 25/s 6 b 
tf 1.750 Coupling t7fs 6 h 

3t.{ 1.375 Coupling 1112 5 IJ 

aror el'.ira-strong pipe. see ASTMA 53 or A 106 for other wall thicknesses; however. piping materialtnust coufoJm to 4.5. 
bThe width of the shell plate shall be sufficient to contain the reiuforciug plate and to provide clearance from lhe giJth joint of the sbeU course. 

• I:Low type reinforced nozzles shall uot be located lower than the J.Uinumun distance shown in Colru110 9. The minionun distllilce from the bottom 
shown in Col= 9 complies with spacing mles of5.7.3 and Figure 5-6. 
dRegular type reinforced nozzles shall not be located lower than the minimtun distance HN s.bowu in Col= 8 wlleu shell thickness is equ:\1 
to or less thau 1h in. Greater distances may be required for shells thicker than l f1 in. to meet the min.im.um weld spacing of 5. 7.3 and Figure 
5-6. 
•see Table 5-7b, Column 2. 
fpJauged nozzles and couplings lu pipe sizes NT'S 2 or smaller do not require reinforcing plates. DR '\~Jl be the diameter of the hole in U1e sbell 
plate. and Weld A will be as specified u1 Table 5-7b. Cohuun 6. Reinforcing plates may be used if the construction details comply with rein-
forced nozzle details. 
gA coupling in an NPS 3 requires reinforcemenL 
hsee 5. 7.3 and Figure 5-6. 
Note: See Figure 5-8. 
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Table 5-7a-(SI) Dimensions for Shell Nozzles: Pipe, Plate, and Welding Schedules (mm) 

Column 1 Column 2 Column3 Column4 Cohw:t11S Co1um.u6 

Minim LUll Pipe Wall Ma.timwn Dimneter of Size of Fillet Weld A 
Thickness of Shell and Thickness of Flanged Hole in SbeU Plate 

ReiuforciJ)g Platea Nozzlesb (Dp) Equals Outside Size of Fillet Nozzles Larger Than NPS 3/4 to2 
1 and 1' '" Diameter ofPipe Plus WeldB NPS2 Nozzles 

5 12.7 16 5 6 6 

6 12.7 16 6 6 6 

8 11.7 16 8 6 6 

10 12.7 16 10 6 6 

11 12.7 16 11 6 6 

13 12.7 16 J3 6 8 

14 12.7 20 14 6 8 

16 12.7 20 16 8 8 

17 12.7 20 18 8 8 

20 1.2.7 20 20 8 8 

2.1 11.7 20 ll 10 8 

22 12.7 20 22 10 8 

08 24 12.7 20 24 10 8 

25 12.7 20 25 II 8 

27 14 20 27 II 8 

28 14 20 28 II g 

30 16 20 JO 13 8 

32 16 20 32 13 8 

33 18 20 33 13 8 

35 18 20 35 14 8 

36 20 20 36 14 8 

38 20 20 38 14 8 

40 11 20 40 14 8 

41 21 20 40 16 8 

43 22 20 40 16 8 

45 22 20 40 16 8 

no· a shell plate thicker than required is tlSCd for tbe product aud hydrostatic loading (see 5.6). the excess sllell-plate thickness, within n vertical 
distance both above aud below the centerline of the hole ia the tank shell plate equal to the vertical dimension ofthe hole in the tank shell plate. 
may be considered as reinforcement, and tbe thickness T of the nozzle reinforcing. plate may be decreased accordingly. Tn snch cases, the 
reinforcement and tl~e attaclnnent welding sball conform to the design limits for reiuforcement of shell openings ~pecified in 5.7.2. 

1i 
bThis column applies to flanged nozzles NPS 26 and larger. See 4.5 for pipi11g materials. 

cNote: See Figure 5-8. 
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Table 5-7b-{USC) Dimensions for Shell Nozzles: Pipe, Plate, and Welding Schedules (in.) 

Cohunn 1 Column2 Cohunn3 Cohunn4 Coluum5 Columu6 

Minimlllll Pipe Wall Maxi.tnum Diameter of Size ofFillet Weld A 
Thickness of Shell and 'llii.ckness of J:langed Hole in Shell Plate 

Reinforcing Platea Nozzlesb (Dp) Equals Outside Size of fillet Nozzles brger Than NPS%to2 
IandT ,,, Diameter of P ipe Plus WeldB NPS2 Nozzles 

3116 12 )/s 3ft6 '~ 14 

114 '12 s;s IJ4 1f4 IJ,., 

5f t6 ljl sis 5/16 It -I 1;4 

Jts lh SJs 3;8 'l.i 1f4 

7/ 16 
l;l 5fs 7

1t6 
lf.t 1;4 

''2 
1/z Sfs 11] ''·' s;,6 

9;16 ''2 3f,, 91t6 ''" 
51t6 

5fs 1;2 3;4 5fs 
51t6 5f l6 

liJJ6 ''2 3/4 llft6 51!6 5f)(:) 

% 
1/2 3f,l 3j4 

5
/16 

5
1t6 

13f16 1;2 314 13;16 3;8 5/16 

1fs 'h 3/4 7/s 3fs 5/ 1o 

l5!J.6 
,,2 3/4 15/\6 3fs 5116 

lj2 3f., 1f l6 s,,6 
11/ !6 

91t6 3/4 l ' l t6 
71t6 '1,6 

Jl/s 
9116 3f,, 11/8 

7/ 16 51t6 
08 

131t6 s/s 3f4 J31t6 '12 51t6 

11/4 Stg 3f~ 11/4 1;2 5f l6 

15/16 
111t6 3;4 15/ 16 lf2 51t6 

J3/s 
11h6 3;,. 13fs 9/ 16 s;,6 

17/ 16 
3j4 3;~ 17/16 9fl6 s,,6 

l1h 
3/4 % Jlh 

9/16 5116 

19/16 
13/ J6 3;4 t lh 9tl6 s; ,6 

15/s t3lj6 3f4 Jlh 51s s; ,G 

I llft6 7/g 3/4 1111 5fg 5/16 

13h 1Js 3/4 ] 1/2 sis 5j!6 

"ff a s,hell plate thicker tban required is used for the product and hydrostatic Jo:~ding (see 5.6), the e.xcess shell-plate tbid.,less. v .. itltin a vertical 
distance both above and below the centerline of the hole in the tank sbell plate equal to the vertical dimension ofti.Je hole in tbe tank shell plate. 
may be considered as reinforcemeuL and the thickness T of the nozzle reinforcing plate may be decreased accordingly. lu such cases. the 
reinforcement and the nttaolunent welding shall confonn to the design limits for reinforcement of shell openings specified in 5. 7.2. 

b'This column applies to flanged nozzles NPS 26 and larger. See 4.5 for piping materials. 
11 

CNote: See Figure 5-8. 
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Column I Column 2 

NPS 
(Si7,eof 
Nou.le) 

60 

5-t 

52 

50 

48 

-16 

-1-1 

42 

40 

38 

J6 

34 

32 

30 

28 

26 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

3 

l\1Inimum 
Thickn~ 
of Flanged 

Q 

794 

76.2 

73 

70 

70 

68 

67 

67 

65 

60 

60 

.59 

57 

54 

52 

50 

48 

46 

43 

40 

36 

35 

30 

28 

25 

24 

24 

20 

17 

OutSide 
Diameter 
offlange 

A 

1854 

1683 

1626 

1569 

1510 

1460 

1405 

1345 

1290 

1240 

1170 

1110 

!060 

985 

925 

870 

815 

750 

700 

635 

595 

535 

485 

405 

345 

280 

230 

190 

150 

125 

•B 1 = inside diameter of pipe. 

bE = outside diameter of pipe + 21,1. 

<B.' 1 = om side diameter of pipe. 

API SrANDARD 650 

Table 5-Ba-(SI) Dimensions for Shell Nozzle Flanges (mm) 

C'.olumn4 Cohunn 5 Column 6 Column 7 Column 8 Cohunn 9 Column 10 Colum111l Col1Ulllll2 

Diameter 
of Raised 

Face 
D 

1676 

!51! 

1461 

1410 

1360 

1295 

WIS 

1195 

1125 

1075 

1020 

960 

910 

855 

795 

745 

690 

640 

585 

535 

-170 

415 

380 

325 

270 

216 

157 

127 

92 

73 

Diameter 
of Bolt 
Ci.rcle 

c 
1759 

1594 

1537 

1480 

1426 

1365 

1315 

1257 

1200 

1150 

1036 

1029 

978 

914 

864 

806 

750 

692 

635 

577 

540 

476 

~32 

362 

298 

241 

190 

152 

121 

98 

.Number 
of 

Holes 

52 

-1-1 

44 

44 

44 

40 

40 

36 

36 

32 

32 

32 

28 

28 

28 

24 

20 

20 

20 

16 

16 

12 

12 

12 

8 

8 

8 

4 

4 

4 

Diameter 
of 

Holes 

48 

48 

48 

48 

42 

42 

42 

42 

42 

42 

42 

42 

42 

33 

33 

33 

33 

33 

30 

30 

27 

27 

25 

25 

23 

23 

19 

19 

19 

J6 

Diameter 
of 

Bolts 

45 

45 

45 

45 

40 

40 

40 

40 

~0 

40 

40 

40 

40 

30 

JO 

30 

30 

30 
27 

27 

24 

24 

'22 

20 

20 

16 

16 

16 

12 

Dinmeter of Bore 

Slip-On 
Type: Outside 
Diameter of 
Pipe Plus 

B 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

4.8 

48 

4.8 

4.8 

4.8 

4,8 

3.2 

3.2 

3.1 

24 

1.6 

1.6 

L6 

1.6 

Welding 
Neck 
Type• 
n, 

a 

a 

a 

a 

a 

a 

a 

3 

a 

3 

3 

a 

a 

a 

a 

a 

11 

Minimum Diameter of 
Hub at Point of Weld 

Slip-On 
Typeb 

E 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

Welding
Necli 
Type• 

1!, 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

• dcorrosion allo\V<Ince. if specified, need not be added to flange Dod cover thtcknesses complying with ASME B 16.5 Class J 50. ASl'viE B 16 I Class 125, and 
ASME 616.47 .flanges. 

Note: See Figure 5-8. TI1e facmg dimensions for slip-@ and welding-neck flanges in NPS Jlh throush 20 and NPS 24 are identical to tbose specified in ASME 
B 16.5 for Class J 50 steel flanges. TI1e facmg dimensions for fianges in NPS 30, 36, 42. 48, 50, 52, 54, and 60 are in agreement with ASME 'B 16. J for Class 125 

11 cast irotlllanges. The dimensions for large flanges mny confom1 to Series B of ASI\1E 816.47. 



Column 1 Cohmm 2 

NPS 
(Size of 
NozzJe) 

60 

54 

50 

48 

46 

-'14 

42 

40 

38 

36 

34 

32 

30 

28 

26 

2-1 

22 

20 

18 

16 

14 

12 

Minimum 
Thickness 
of Flanged 

Q 

3 

2118 

2lf4 

23/4 

211116 

2sls 

25/s 

2111 

2)/g 

23/s 

25/ 16 

:!·/~ 

2'1~ 

21/ 16 

2 

t7is 

I IJ/ 16 

1"116 

19/ tn 

17/ li, 

I 3/g 

Jl /4 

13/ 16 

11/s 

Column] 

Outside 
Diameter 
ofFiange 

A 

73 

6611~ 

64 

61 3/4 

591/:z 

57 1/2 

55 114 

)J 

503/4 

483/4 

.46 

4J3;,, 

4 1 3/~ 

J&l/4 

36'1~ 

34'14 

32 

291/ 2 

27 1/~ 

25 

23 112 

21 

19 

16 

131/l 

II 

9 

71/z 

6 

5 

"B1 = ins1de diameter of pipe. 

I>£= oulsid~ diameter of pipe -+ 2111 

~E 1 = outside diameter of pipe. 

INELDEO TANKS FOR OIL STORAGE 5-33 

Table 5-Sb-(USC) Dimensions for Shell Nozzle Flanges (in.) 

Column4 Column 5 Column 6 Column 7 Colwnn 8 Column 9 Column tO Cohmm 11 Colto1m 12 

D1arueter 
of Raised 

Face 
D 

66 

5911! 

571/2 

SSl/2 

53 112 

51 

49 

47 

441/4 

421/ 4 

401/4 

373/4 

))l/., 

311/4 

291/ 4 

2711; 

2511; 

23 

21 

181/l 

J61/4 

15 

J2l/4 

10518 

8112 

63116 

5 

Diameter 
ofBolt 
Circle 

c 
691/4 

6231.( 

601/2 

581/4 

56 

533/4 

513/4 

491/2 

·H 1/; 

451/ .. 

42)/4 

401/z 

JS1/1 

36 

34 

31 3/4 

29'1~ 

271/4 

25 

223/4 

21 1/4 

183/4 

17 

J4l/; 

J1lj4 

9 1/2 

7112 

6 

43/4 

J11s 

Number 
of 

Holes 

52 

44 

44 

44 

44 

-10 

40 

36 

36 

32 

32 

32 

28 

2R 

28 

24 

20 

20 

20 

16 

16 

12 

12 

12 

8 

8 

8 

4 

4 

4 

Diameter 
of 

Holes 

Diameter 
of 

Bolts 

Diameter ofBore 

Slip-OuType: 
Outside 

lliamt:ter of 
Pipe Plus 

1J 

0.25 

025 

0.25 

0.25 

025 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0 25 

0.25 

0,25 

0.19 

0.19 

0.19 

0. 19 

0.19 

0. 19 

0.13 

O.IJ 

0.10 

0,10 

0.06 

0.06 

0.07 

O.D7 

Welding 
Neck 
TYJ)e3 

JJ , 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

11 

a 

a 

3 

a 

a 

Minimtun Diameter of 
Hub~~ {.'oint of Weld 

Slip-On 
Typeh 

E 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

h 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

h 

Welding
Neck 
Typee 

E, 

c 

c 

c. 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

• d(:oaosion allowance, 1fSpectfied, need not be added to flange and cover thicknesses complying with ASME Bl6,5 Class 150. AS:ME 8 16.1 Oass 125, and 
ASMEB16.47 flanges. . 

08 

11 

H8 

Note: See Figure .:i-8. The facing dimensions for sHp-on and welcling-ne<:k flanges in NPS l'h through 20 and NPS 24 are identical to those specified in ASME 
B 16.5 for Class 150 steel flanges. The facing dimensions for flmges io NPS 30, 36, 42, 48, 50, 52, 54. and 60 are in agr~ement with ASME B 16.1 for Class 125 11 
cast iron flanges. Titeclimensions for large flanges may conform to Series B of ASME 'B16.47 
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Table 5-9a- (SI) Dimensions for Flush-Type Cleanout Fittings (mm) 

Collmm I CoiU1.lll.l2 Column 3 Column4 Column 5 Column6 Col= 7 Colum:o 8 Column9 Column l 0 Col= II 
Arc Width Upper Upper Comer flange 

ofSheJJ Comer Radius of Shell Edge Widtba Bottom 
Height of Width of Reinforcing Radius of Reinforcing Distance (Except at .Flange Special Bolt Number Diameter 
Opening Opening Plate Opening Plate of Bolts Bottom) Width Spacingb of of 

lt b TV I'J 1'2 e h h g Bolts Bolts 
203 406 1170 100 360 32 102 89 83 22 20 
610 610 1830 300 740 38 102 95 89 36 20 
91~ 1219 2700 610 1040 38 114 l2J 108 46 24 

J2J9C 1219 3200 610 1310 38 114 127 114 52 24 

nfor neck thicknesses greater than 40 mm. increase .13 as necessary to prO\Iide a 1.5 mm clearance between the required 
neck-to-flange weld !llld the bead of the bolt. 
bRefers to spaciug at the lower comets of the cleanom-fitting flange. 
COnly for Group I, n. m. or rnA shell materials (see 5. 7. 7.2) . 
Note: See Figure 5-12. 

Table 5-9b-(USC) Dimensions for Flush-Type Cleanout Fittings (in.) 

Column 1 Colwnu2 Cohunn3 Column4 ColumnS ColuJllll6 Column 7 Column 8 Cohunn 9 Column 10 Colwnu ll 
Arc Width Upper Upper Comer flange 

QfShell Comer Radius ofShell Edge Width3 Bottom 
J;Jeight of Width of Reiuforciug Radius of Reinforcing Distance (Except at Flange Special Bolt Nl•mber Diameter 
Opening Opening Plate Opening Plate of Bolts Bottom) Width Spacing!> of of 

17 b w r, 1'2 e A h g Bolts Bolts 
8 16 46 4 14 ] 1;4 4 31/2 31/4 22 % 

24 14 72 12 29 Jl/2 4 33/4 Jl/2 36 3j4 

36 48 106 24 41 Jl/l 41h 43/~ 41/4 46 I 

48C 48 125 24 5Jl/1 Jl/1 41/2 5 41h 52 

"For neck thicknesses greater than !9/ 16 in .. increasej3 as necessary to provide 11 '116 iu. clearance be~cn the required 
neck-to-fl<mge weld and the bead of the bolt 
hRefers to spacing at the lower corners of llie cleanoul-fitting flange .. 
CQuJy for Group I, ll. m _ or rnA shell materials (see5.7.72) . 
Note: See Fig\lfe 5-12. 

yield and tensile ~1rengths. When the material strength is greater than or equal to U1e 70% and 80% mi11imum values, the area in 
the neck available for reinforcement shall be reduced by the ratio of U1e allowable stress in the neck. using the goveming stress 
factors. to U1e allowable stress in the attached shell plate. No <.:red it may be taken for the additional strength of any reinforcing 
material that has a bigber allowable stress than thai of the shell plate. Neck mated a! that has a yield or tensile strength less than the 
70% or 80% miui.mLUn values may be used. provided that no neck area is considered as effective reinforcement. 

5.7.2.4 The following portions of the neck of a fitting may be considered part of the area of reinforcement, except where pro
hibited by 5. 7.2.3, Hem e: 

a. The portion extending outwal'd from the outside surface of the tank shell plate to a distance equal to four times the neck-wall 
thicJ.:ness or. if U1e ne.ck-wal1 fuickness is reduced within this distance, to the point of transition. 

b. The p011ion lying within the shell-plate thickness. 

c. The portion e~1eoding inward from t11e inside surface of the tank shell plate to U1e distance specified in Item a. 

5.7.2.5 The ~tggregate strength of the weld attaching a fitting to the shell plate, an intervening reinforcing plate, or both shall at 
least equal the proportion of the furces passing through the entire reinforcement that is calculated to pass through the fitting. 

5. 7 .2.6 The aggregate strengU1 of the welds attaching any inte1veuing reinforcing plate to the shell plate shall at least equal the 
propo1iion of the forces passing through tl1e entire reinforcement that is calculated to pass through the reinforcing plate. 
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Table 5-1 Oa-(SI} Minimum Thickness of Cover Plate, Bolting Flange, and Bottom Reinforcing Plate for 
Flush-Type Cleanout Fittings (mm)f 

Colwnn 1 Colwnn2 Cohunn3 Column..! Column 5 Columu 6 Coltunn 7 Coluum !t Colwnn 9 Cohunn 10 

Size of Opening hx b (Height x Widtl1) 

200 X400 600x 600 900X 1200 1200 X 1200 

MaximtW1 11Jick.uess Titickness Thickness Thickness TIJicJ.;ness Thickness Titickness TIJickness 
Desigu of Bolting of Bottom ofBolting of Bottom ofBo1tiug of Bottom of Bolting ofBol1ont 

Liquid Level Equivalent Flange and Reinforcing flauge aod Reinforciug Flange and Re.iuforcing Flange a11d Reinforcing 
Ill Pressurea Cover Pl(lte Plateb Cover Plate Platec Covel' Plate Plated Cover Plate l'latee 
H kPa lc lb '·· lb t, 'b l c lj) 

6.1 60 10 13 10 B 16 21 16 22 

10.4 101 10 13 13 13 19 25 21 28 

12.5 123 10 13 13 14 22 18 22 30 

16.1 159 10 13 14 16 24 32 25 33 

18.3 179 11 13 16 18 25 33 28 35 

19.5 191 11 l3 16 18 27 35 28 36 
21.9 215 ll 13 18 19 28 36 30 40 

3Equivaleut pressure is based on water loading. 
bM.'lxillltun of25 lllUl. eMaxirumn of 45 llllll . 
CMaximu111 of28 mm. fSee 5.7.7.7 when corrosion allownuce is specified. 
dMaxilllum of 40mm. Note: See Figure 5-12. 

Table 5-10b-(USC) Minimum Thickness of Cover Plate, Bolting Flange, and Bottom Reinforcing Plate for 
Flush-Type Cleanout Fittings (in.)f 

Colnmn 1 CoiUlllU 2 Column 3 Co1uum _. Column 5 Cohunn6 Column 7 Column 8 Coltunu 9 Cohunn 10 

Size of Opening h x h (Heightx Width) 

8x 16 24 x 24 36x48 48 X 4-8 

Maxillltun 1l1ickuess Thickness Thickness TIJickness Thickness TI:llckness Titid;ness Th.id"!less 
Design of Bolting of Bottom of Bolting, of Bottom of Bolting of Bottom of Bolting of Bottom 

Liquid Level Equivalent Fla.ngeand Reinforcing Flange and Reinforcing Flange and Reinforcing Flange and Reinforcing 
ft Pressure3 Cover Plate Plateb Cover Plate Plate~ Cover Plate Plated Cover Plate PI alee 
H psi '·· fb '~ lb '~ I& fc lb 

20 8.7 3fs 1f2 3fs l f2 5/s) 13/16 sis 7/g 

34 14.7 3fs 1h 1;2 lh 3;4 I 131t6 Jl/s 

41 17.8 3fa IJ2 LJ2 9/16 7/s 11/s 1ts 13/ 16 

53 23 3fs 1; 2 9f16 s;g 15j l6 tlf_t 1 ] 5fl6 

60 26 7/ 16 ,h 5fs 11116 1 L 5f l6 1118 J3/s 
64 27.8 7f16 lf1 5fs 11 /16 I IJI6 t3fs t lfs 17/16 

72 31.2 1116 lh 11!)6 3/4 Ills t 1fl6 13/16 jl/2 

8Equiva1eot pressme is based on water loading. 
bMaxim1un of I in. eMa.xitmun of !3/4 in. 
cMaximUUJof11/s in. rsce 5. 7 .1. 7 when corrosion aUowance is specified 
dMnx.imnm of 11/2 :in. Note: See Figlll'e 5-12. 

5.7.2.7 The attaciUJJent weld to the shell along the outer periphery or a reinforci.ng plate or proprietary connection that 
lap welds to the shell shull be considered effective only for the parts lying outside the area bounded by vertical lines 
drawn tangent to the shell opening: however. the outer pel'ipheral weld shall be applied completely around the reinforce-

08 

1L 

08 

11 

ment. See 5. 7 .2.8 for allowable stresses. All of the inner peripheral weld shall be considered effective. The strength of the 07 

effective attachment weld shall be considered as the weld's shear resistance at the stress value given for fillet welds in 
5. 7 .2.8. The size of the outer peripheral weld shaJI be equal to the thickness of the shell plate or reinforcing plate, which-
ever is thinner, but shall not be greater than 40 mm ( 11/2 in.). When low-type nozzles are used with a reinforcing plate that os 
extends to the tank bottom (see Figure 5-8), the size of the portion of t·he pet·.ipheral weld that att3ches the reinforcing 
plate to the bottom plate shall conform to 5.1.5. 7. The inner peripheral weld shall be large enough lo sustain I he remainder 07 

ofthe loading. 
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Table 5-11a-(SI) Thicknesses and Heights of Shell Reinforcing Plates for Flush-Type Cleanout Rttings (mm) 

lltickness ofL1>\vest 
Shell Course 

I. tj 
mm 

All 

Notes: 

Ma"Xiol\uu Design 
Liquid Levelc 

H 
Ill 

< 22 

200x400 

350 

8Di.mensions 111 and L may be varied witl!iu tlJe limits defined in 5. 7. 7. 

Height of SbeU Reinforcing Plate for 
Size of Opening h X b (Height X Width) 

IDm 

600x 600 900 x 1200 

915 1372 

l> 1200 x 1200 flush.-type clean out .fittings are not pennitted for tanks with greater tb!lll38 mm lowest shell course t:hick"Uess. 
csee 5.6.3.2. 

1200 X 12QOb 

1830 

09 Table 5-11b-{USC) Thicknesses and Heights of Shell Reinforcing Plates for Flush-Type Cleanout Fittings (in.) 

11tickness of Lowest 
Shell Course 

f, lj 
in. 

All 

Notes: 

Maxumun Design 
Liquid Levelc 

H 
.ft 

< 72 

8 X [6 

noiweusions ldttod L n1ay be varied witlun the limits detiued in 5. 7.7. 

Height of Shell Rein1orcing Plate for 
Size ofOpeoiog h :X: b (Height x Width) 

ill. 

24x 24 36x48 

36 54 

ll4g x 48 flush·type cleanmu fittings are not pemulted tbr tanks with greater than 11/J. in. lowest shell course thickness. 
csee 5.6.3.2. 

72 

5.7.2.8 The reinforcement and welding shall be configured to provide tbe required slrengtb for the forces covered in 5. 7.2.5 and 
5.7.2.6. 

07 The allowable stresses for the attachment elements are: 

a. For outer reinforcing plate-to-shell and inner reinforcing plate-to-nozzle neck fillet welds: S1t x 0.60. 

b. For tension across groove welds: S11 x 0.875 x 0. 70 
c. For shear in the nozzle neck: Sd x 0.80 x 0.875 

where 

Sd ~ the maximum allowable design stress (the lesser value of the base materials joined) permitted by 5.6.2.1 for carbon 
os steeJ, or by Tables S-2a and S-2b for stainless steel. 

Stress in tillet welds shall be considered as shear on U1e tlu·oat of the weld. 1l1e throat of the fillet shall be assumed to be 0.707 
07 times the length of the sh01ter leg. Tension stress in the groove weld sl1al1 be considered to act over the effective weld depth. 

5.7.2.9 When two or more openings are located so iliat the outer edges (toes) oftheir normal reinforcing-plate fi.Uet welds are 
closer than eight Limes the size of the larger of the fil let welds, with a minimum of 150 mm (6 in.), they shall be treated and rein
forced as follows: 

a. All such openings shall be included in a single reinforcing plate U1al shall be proportioned for the largest opening in the group. 
b. lf U1e normal reinforcing plates for the smaller openings in the group. considered separately. fall wifuin the area limits of the 
solid portion of the nonnal plate for the largest opening, the smaller openings may be included in the nonual plate for the largest 
opening williout an increase in the size of the plate, provided that if any opening intersects the vet1ioa1 centerline of anoth()r open
ing, the total width of the fmal reinforcing plate along the vertical centerline of either opening is not less than the sum of the 
widths of the nonnal plates for the openings involved. 
c. If the normal reinforcing plates for the smaller openings in the group. considered separately, do not fall wilhin the 
area limits of the solid portion of the nonual plate for lbe largest opening, the group reinibrc1ng-plate size and shape 
shall include the outet' limits of the normalteinforcing plates for all the openings in the group. A change in size from the 
outer limits of the normal plate for the largest opening to the outer limits of that for the smaller opening farthest from the 
lru·gest opening shall be accomplished by m1ifonn straight taper unless the normal plate for any intermedi:Jte opening 
would extend beyond these limits, in which case uniform straight tapers shall join ihe outer limits of the several normal 
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plates. The provisions of Jtem b with respect to openings on the same or adjacent vertical centerl ines also apply in this 
case. 

5.7.2.10 Rei~tforcing plates for shell openings, or each segment of the plates if they are uot made in one piece, shall be pro- I 
01 vided with a 6 nun Ct4 in.) diameter telltale hole. Such holes shall be located on the l10rizontal centerline and shall be open to the 

atmosphere. 

5.7.3 Spacing of Welds around Connections 

See Figure 5-6 for spacing requirements listed in 5. 7.3 .1 through 5.7.3.4. 

Note I: Additional weld spacing Jequu·emcnts exiS1 in this St<mdard. Other paragraphs and tables dealing with nozzles and manholes may 
increase the minimum spacing. 

Note 2: Whenever su-ess relief or thermal stress rel ief is used in this Standard. it shall mean post-weld heat treatment. 

5.7.3.1 For non-stress-relieved welds on shell plates over 13 mm (1/2 in.) thick. the minimum spacing between penetration con
nections and aqjaceut shell-plate joints sball be governed by the following: 

a. 1l1e outer edge or toe of fillet around a penetration. around the periphery of a thickened inseJt plate. or around U1e periphery of 
a reinforcing plate shall be spaced all east the greater of eight times the weld size or 250 mm ( 10 in.) (dimension A orB u1 Fig w-e 
5·6) from the centerline of any butt-welded shell joints. 
b. 111e welds around the pedphery of a thickened insert plate. around a reinforcing insett plate, or arOLmd a reinforcing plate shall 
be spaced at least the greater of eight times the larger weld size or 150 nun (6 in.) (dimension E in Figure 5-6) liom each otl1er. 

5.7.3.2 Where stress-relieving of the periphery weld has been pe1fonned prior to welding of the adjacent shell joint or wbere 
a non-su·ess-reUeved weld is on a shell plate less than or equal to 13 mm { 1/2 in.) thick. tbe spacing may be reduced to 150 mm 
(6 in.) (dimension A in Fig. 5-6) from vertical joints or to the greater of 75 mm (3 in.) or 2 1/2 limes the shell thickness (dimen
sion B i.n Fig. 5-6) from horizontal joints. TI1e spacing between the welds a1·mmd the periphery of a thickened insert plate or 
around a reinforcing plate shall be the greater of75 mm (3 in.) or 21/2 times the shell thickness (dimension E in Figm·e 5-6). 

5.7.3.3 The rules in 5.7.3.1 and 5.7.3.2 shall also apply to the bottom-to-shell joint (dimension C in Figw·e 5-6) unless. as an 
altemative, the inser1 plate or reinforcing plate extends to the bottom-to-shell joint and intersects it at approximately 90 
degrees (dimension Din Figure 5-6). A minimwn distance of 75 mtn (3 in.) shall be maintained between the toe of a weld 
arotu1d a nonreinforced penetration (see 5. 7 .2.1) and the toe of the shell-to-bottom weld. 

• 5.7.3.4 Nozzles and manholes should not be placed in shell weld seams and reinforcing pads for nozzles and manholes 
should not overl:.lp plate seams (i.e., Figure 5-9, Details a, c, and e shou.ld be avoided).lfthere is no oU1er feasible option and 
the Ptu·cbaser accepts the design, circu.lar shell openings and reinforcing plates (if used) rnay be located in a horizoutal or ver
tical butt-welded shell joint provided that the minimum spacing dimensions are met and a radiographic examination of the 
welded shell joint is conducted. TI1e welded shell joint shall be fully radiographed tor a length equal to three times the diame
ter of the opening. but the weld seam being removed need not be radiographed. Radiographic examination shall be in accor· 
dance with 8.1.3 through 8.1.8. 

5.7.4 Thermal Stress Relief 

5.7.4.1 All flush-type cle~mout fit1ings and flush-type shell connections shall be thenually stress-relieved as an asseillbly prior 
to installation in the tru1k shell or after installation into the tank shell if the entit-e tank is stress-relieved. The stress relief shall be 
cruTied out within a temperatw·e range of 600"C - 650"C ( l lOO"F - 1200"F) (see 5. 7.4.3 for quenched and tempered materials) 
for I hour per 25 mm (lin.) of shell thickness. The assembly sl1all include the bottom reinforcing plate (or annular plate) and the 
flange-to-neck weld. 

5.7.4.2 When tl1e shell material is Group I, 11. lll. or TIIA, all opening. connections NPS 12 or larger in nominal diame
ter in a shell plate or thickened inse11 plate more than 25 mm ( 1 in.) thick shall be prefabricated into the shell plate or 
thickened insert plate, and the prefabricated assembly shaLL be thermally stress-relieved within a temperature range of 
600"C - 650"C ( 11 OO"F - 1200"F) for I J10ur per 25 mm ( 1 in.) of thickness prior to installation. The stress-relieving 

08 

07 
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Minimum spacing shall be 8 times the 
nominal shell thickness or 1h the radius of the 
opening, whichever is less ~ 

ll. 
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Detail a Detail b 

PENETRATION WITHOUT REINFORCING PLATE 

Minimum spacing shall be S times the 
nominal shell thickness 

<t of butt-welded 
shell joint 

r- Toe of weld 

Reinforcing plate 

Detail c Detail d 

Minimum spacing shall be 8 times the 
nominal shell thickness or 1/z the radius of the 

opening. whichever is less 

<t of butt-welded 
shell joint 

Detaile 

PENETRATION WITH REINFORCING PLATE 

Note: Dp = diameter of openmg. 

Figure 5-9-Minimum Spacing of Welds and Extent of Related Radiographic Examination 
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requirements need not include the flange-to-neck welds or other nozzle-neck and manhole-neck attachments, provided 
the following conditions are fulfilled: 

a. The welds are outside tbe reinforcement (see 5. 7.2.4). I 07 

b. The throat dimension of a fillet weld in a slip-on flange does not exceed 16 mm (5/s in.), or the bull joint of a welding-
neck flange does not exceed 19 rum (3/4 in.). If the ruatetial is preheated to a minimum temperature of 90°C (200°F) during 
welding, the weld limits of 16 01111 (5/g in.) and 19 mm (3/4 in.) may be increased to 32 rom and 40 mm (11/4 in. and !1/2 in.), I 08 
respectively. 

5.7.4.3 When the shell material is Group lV.IVA. V, or V1. all opening cmmections requiting reinlorcement in a shell plate or 
thickened insert plate more than 13 mm (lh in.) thick shall be prefabricated into the sheJI plate or thickened inser1 plate, and the I 08 

pn:fabricated assembly shall be thet111ally stress relieved within a temperattU·e range of 600°C - 650°C (ll00°F- l200°F) for 1 
hour per 25 mm ( 1 in.) of thickness prior to it1staJiation. 

When conuections are installed in quenched and tempered material, the maximum thermal stress-relieving temperature 
shall not exceed the tempering temperatlu·e for the materials in the prefabricated stress-relieving assembly. The stress
relieving requirements do not apply to the weld to tbe bottom annular p.late, but they do apply to flusb-type cleanout 
openings when the bottom reinforcing plate is an annular-plate section. The stress-relieving requirements need not 
ill elude the flange-to-neck welds or other nozzle-m:ck and mauJJOie-neck attachments. provided the condit ions of 5. 7.4 .2 
a1·e fulfilled. 

5.7.4.4 Examimttion after stress relief shall be in accordance with 7 2.3.6 or 7.2.3. 7. 

• 5.7.4.5 Wl1en it is impractical to stress relieve at a miniltllffil tetnperature of 600°C ( llOO"F). it is petmissible. subject to the 
Pmchaser·s agreement. to carry out the ~tress-relievil1g operation at lower temperatures for lo11ger periods of time in accordance 
with the tabulation below. The lower temperature/longer tinte PWHT may not provide matet·ial toughness and residual stresses 07 

equivalent to that using the higher temperature/sh011er time PWliT; therefore, a review by a knowledgeable metallurgist and pos-
sible verification by miU testing of heat-treated coupons and/or testing of welded plates shall be considered. See Line 23 of the 
Data Sheet for any Pmchases·-specified requirements applicable to this heat-treatment option. 

Mi ni.o1\llll Stress-Relieving TemperaMe Holding Time 
(hoursper25mm (1 in] 

(OC) (of) of thickness) 

600 1100 

570 1050 2 

540 1000 4 

510 950 10 

480(min.) 900(min. ) 20 

Notes: 
1, Forintem1ediate temperatures, lhe time of heating shall be detennmcd by strrught line interpolation, 
1. Stress relieving at these temperatures is not pennitted for A 537 Class 2 material 

See Note 

1.2 

] , 2 

5.7.4.6 When used in stress-relieved assemblies. the material of quenched and tempered steels A 537, Cl 2 and A 678. 
Grade B. and ofTMCP steel A 841 shall be represented by test specimens that have been subjected to the same heat treatment as 
lhaf used for the stress relieved assembly. 

5.7.5 Shell Manholes 

5.7.5.1 SheU manholes shall confonn to Figures 5-7 A and 5-7B and Tables 5-3 a through S-5b (or Tables 5-6a through 5-8b). 
but other shapes are permitted by 5.7.1.8. Manhole reinforcing plates or each segment of lhe plates if they are not made in one 
piece shall be provided with a 6 nun (1/4m.) diameter telltale hole (for detection of leakage through the interior welds). Eacb hole 
shall be located on the horizontal centerline and shall be opeu to tlle atmosphere. 

• 5. 7.5.2 Manholes shall be of built,\lp welded const111ction. The dimensions are listed in Tables 5-3a through 5-5 b. 'I11e dimensions 
are based on the minim lUll neck thicknesses Listed in Tables 5-4 a and 5-4b. W11en conusion allowance is specified to be applied to 
shell manholes. corrosion allowance is to be added to the minimum neck, cover plate. and bolting flange thicknesses of Tables 5-3a, 
5-3b, 5-4a and 5-4b. 

I os 
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5. 7.5.3 The max.imum diatlleter Dp of a shell cutout shall be as listed in CoiLUllll 3 of Tables S-7a and 5-7b. Dimensious for 
08 required reinfor<:ing plates are listed in Tables 5-6a and 5-6b. 

5. 7 .5.4 The gas~et materials shall meet setvice requirements based on the product stored. maximum design temperature, and 
.fire resistance. Gasket dimensions. when used in conjunction with thin-plate flanges desctibed in Figure 5-7 A, have proven effeo-

07 tive when used with soft gaskets, such us non-asbestos fiber with suitable binder. When using hard gaskets, such as solid metal, 
com~gated metal, metal-jacketed, and spiral-wound metal, tJ1e gasket din.1ensions. manhole flange, and manhole cover shall be 
designed per API Std 620. Sections3.20 and 3.21. See 4.9 for additional requirements. 

07 

08 

07 

OS 

07 

11 

08 

5.7.5.5 In lieu of using figure 5-7 A or design per API Std 620, forged flanges and forged blind flanges may be furnished 
per 4.6. 

5.7.6 Shell Nozzles and Flanges 

• 5.7.6.1.a Unless otherwise specified, shell nozzle flanges, excluding manholes, iu sizes NPS tl/2 th.rough NPS 20 and 
NPS 24 shall meet the requirements of ASME 8 16.5. For sizes larger than NPS 24 but not greater than NPS 60. Jlanges 
shall meet the requirements of ASME 816.47, Series A or Series B. Series A and Series B flanges are not compatible in 
all sizes and must be careft1lly selected to match tbe mating flange. If diamerers, materials of conslntctioo. and flange 
styles of ASME B16.47 are unavailable, fabricated flanges with drilling template (bolt circle diameter. number of holes. 
and hole diameter) matching Series A or Series B shall be used. These fabricated flanges shall be designed in accordance 
with the ASME Boiler and Pressure Vessel Code. Section VTII. Division I. Section UG-34 and Appeodix 2. The allowable 
stresses for design sball be a matter of agreement between the Purchaser ru1d the Manufacturer. Bolt holes shall straddle 
the vertica l centerline of the tlange. 

• 5.7.6.1.b Shell nozzles (and flanges. if specified by the Purchaser as an alternate to a. above) shaH confoxm to Figw·es 5-7B, 5-
8. and 5-1 0 and Tables 5-6a tlu·ough 5-8b. but ot11er shapes are pe1mitted by 5.7.1.8. An alternative connection design is pennissi
ble for the nozzle end that is not welded to the shell. if it provides equivalent strength. touglu1ess, leak tightness. and utility and if 
the Pw·chaser agrees to its use in writing. 

• 5.7.6.2 Unless shell nozzles are specified to be flush on the inside oftJ1e tank shell by the Purchaser. she11110zzles without inter
nal piping in a tank without a floating roof may be supplied flush or with an intemaJ projection at l.he option of the Manufactt.u·er. 
rn floating roof tanks, shell nozzles wiU1out intemal piping within operating range of the floating roof shall be supplied flush on 
the inside of tJ1e tank shell unless agreed otherwise bet"veen the Manufacturer and the Purchaser. 

• 5.7.6.3 The details and dimensions specified in this Standard are for nozzles installed with their axes perpendicular to the shell 
plate. A nozzle may be installed at an angle other than 90 degrees to the shell plate in a horizontal plane, provided the widtJ1 of the 
reinforcing plate (W or D0 in Figure 5-8 and Tables 5-6a and 5-6b) is increased by the amount that the horizontal chord of the 
opening cut in the Shell plate (Dp in Figure 5-8 and Tables 5-7a and 5-7b) increases as the opening is changed fi·om circular to 
ellipti<.:al for the angular installation. Tn addition, nozzles not lru·ger than NPS 3-for the insertion of thermometer wells. for sam
pling connections, or for other purposes not involving tile attachment of extended piping- may be installed at an angle of 15 
degrees or less off perpendicular in a vettical plane without modification of the nozzle reinforcing plate. 

5. 7 .6.4 The minimum nominal thickness of nozzle necks to be used shall be equal to the required thickness as identified by t.he 
tenn f11 in Tables 5-6a and 5-6b, CoiUJllll 3. 

5.7 .7 Flush-Type Cleanout Fittings 

08 1 
• 5.7.7.1 Flush-type cleanout.fittings shall confonn to the requirements of5.7.7 .2 through 5. 7.7.12 and to the details and dimensions 

shown in Figures 5-12 and 5- l 3 and Tables 5-9a through 5-l lb. When a size inte1mediate to the sizes given in Tables 5-9a tbi'Ough 5-
llb is specified by the Purchaser. the construction details and t·einforcements shall conform to the next larger opening listed in the 
tables. The size of the opening or tank connection sllaU not be larger than the maximum size given in the appropriate table. 

5.7.7.2 The opening shall be rectangular, but t11e upper comers of the opening shaU have a radius (r1) as shOWil in Tables 5-9a 
and 5-9b. When the shell material is Group l , II. UI, or lilA. the width or height of the clear opening shall not exceed 1200 IllW 

(48 in.); when the sheU material is Gt'Oup IV, 1VA. V, or VI, the height shall not exceed 900 nm1 (36 in.). 

5.7.7.3 The reinforcedopenin.g shall be completely preasserobled into a shell plate. and the completed unit.. including the shell 
plate at the cleanout fitting, shall be U1ennally stress-relieved as described in 5.7.4 (regardless ofU1e thickness or strength of the 
matClial). 
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1.5mm Nl,. min 
• r' -+ 6 mm ('t••) max .£':"' t ' ~ ~ 
~. ~-r I !~~. ~.~~====~. -~~l~l. 

f-oool•o---C I 
1- ----A 

RING TYPE WELDING FLANGE 

WELDING-NECK FLANGE 

~~~~--- E ---~ 

1.5111~ t, + 6 mm (1/.") max f' 1, 

1- ---- A -----1~1 

SLIP-ON WELDING FLANGE 

LAP JOINT FLANGE 

Note: The In desrgnated for weld thickness is tile nommal prpe wall thickness (see Tables 5-6a, 5-6b, 5-7 a and 5-7b) 

Figure 5-1D-Shell Nozzle Flanges (See Tables 5-8a and 5-8b) 

1.25 
I I I I I IKI 
Mtntm um 1 

1.00 
Vertical axis in 51 units: 

[ 
(H ~ 8.8)D t 71.5 J [ 123t J os 

1.408h 4.9D(H-0.3) 0.75 

0.50 
Vertical axis in US Customary units: 

[ 
(H + 29)D + 770 J [ 17,850t ]OS 0.25 

38Sh 2.60 (H - 1) Maxlmuml<1 I= '=-

0 
1.0 1.1 1.2 1.3 1.4 

K 1 coefficient 

Figure 5-11- Area Coefficient for Determining Minimum Reinforcement of Flush-Type Cleanout Fittings 

5.7.7.4 The required cross-sectional area of the reinforcement over the top of the opening shall be calculated for Design Condi
tion as well as Hydrostatic Test Condition as follows: 

where 

> K,ht 
A.,_ - 2-

Ac.s required cross-sectional area of the reinforcement over the top of the opening. in mm2 ( in.2). 

K 1 = area coefficient from Figure 5- l I, 

h = ve1tical height of clear opening, in mm (in.), 

1 -= calculated LhicJmess of the lowest shell course, in mm (in.), required by the formulas of 5.6.3. 5.6.4, or A.4.1 (with 
joint efficiency E = 1.0), iucluding corrosion al lowance. where applicable. 

11 
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Notes: 

API STANDARD 650 

\ Nearest horizontal weld -t 
Shell plate at cteanout fitting = 14 

1 375mrn 
I (15")mtn 

Shell plate 
of lowest 
shell 
course= 1 

c 

See Delat! o 

~ 
One telltale 6 mm ('/•") ' 
hole In reinforCing "-
plate at about r 

mid-height 
2 

""" 

I 
• ID-____ !._ __ _ 

6mm 
('1.'')[:1. Equal spaces 

(See Note 1) ~ 8 

0 

Full-penetration SECTION 0 _0 
weld -

Reinforc1ng plate = '• 

I 

' I r, 1 L 

F~n;e ~~~02--~ 
diametar = bolt J c 
diameter (see Tables 
5·9a an<15·9b)'t- 3 mm ('Is" 

-- b/2 ----. 

~!)!7 f} 

~~ "'.//'m V~hl 

(See Note 3) ~~~~~)~ 
SECTION C-C 

min 

See Detall a 

SECTION A·A. 

Bottom 
plate 

Grind radius on comer 
when weld Is less than 1, 

'· (See Note 5) 
Neck bevel shall be 
approximately 10 degrees 

1. ThicKness of thinner plate joined (13 mm [1/2 in.] maximum). 
may be butt-welded with a weld joint suitable for complete 
penetration and fusion. 

2. V'vtlen an annular plate is provided, tl1e reinforcing plate shall be • 
regarded as a segment of the annular plate and shall be the same 
width as the annular plate. 

3. V'vtlen the difference between the thicKness of the annular ring and 
that of the bottom reinforcing plate is less than 6 mm (1/4 in.), the 
radial joint between the annular nng and the bottom reinforcing plate 

4. Gasket material shall be specified by the Purchaser. The gasket male
rial shall meet service requirements based on product stored, design 
metal temperature. maximum design temperature and fire resistance. 

5. The thickness (td) of the shell plate at the c1eanout opef11ng, the 
reinforcing plate, and the neck plate, shall be equal to or greater 
than the thickness (I) of the shell plate of the lowest shell course. 

Figure 5-12-Fiush-Type Cleanout Fittings (See Tables 5-9a, 5-9b, 5-10a, 5-10b, 5-11a and 5-11b) 
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W + 900 mm (36") mm 
(see Tables 5-9a 

1§~~?22~~~~~~3!H50mm and 5-9b for Wvalues) 
Weld after 
fitting ls 
installed 
(see Note 1) 

I 
MET. HOD A-TANK RESTING ON EARTH GRADE (SEE NOTE 2) 

-- Cover plate t Bottom reinforcing plate • . 

-z, .. . •. • : •. --:".•, W + 900 mm (36 ) m1n 
lEa + ·.:·f .:.: ::.1 (see Tables 5-9a 
HZ! JOO mm ··.· ( · -· : . ·.. and 5-9b for Wvalues) -

(See (12")mln 100-300 mm (4-12") 
Detail b) ~ ln51de of shell 

.. 

GOO mm (24") min 

~ ~ >. 

' ~ : ... . ~ : '. .. .... ~ . ..... "' . 
· •• ,. . II> · . • " •• · •• I* 

' . "' : '· " : ,, 

. tnstde or shell 
Notch to su1t bottom re1nforcmg plate\ at centerline 

lnstde of shell ~of opemng 
at center!me 

N~~JC.:.;;>t of opening 

300 mm (12'') m1n : 

Detail d 

W + 300 mm ( 12") mm, except as limited 
by foundation curvature in Detail d 

(see Tables 5-9a and 5-9b for Wvalues) 

METHOD C-TANK RESTING ON CONCRETE RINGWALL (SEE NOTE 3) 

( 

Notch to su1t bottom re1nforcing plate 
Inside or shell at 
centerline of opening 

Alternative 
notch detall 

....__.,..,.....,~~ 300 mm {12") m1n 

Retaining wall 
ConstructiOn jomt. to permtt 
tank and retaining wall to 
settle Independently 
from ringwall 

METHOD 0-TANK RESTING ON EARTH GRADE INSIDE 
CONCRETE RtNGWALL (SEE NOTE 3) 

......._,..,/---._1-300 mm 
.•: (12") min 

1. This wetd IS not required if the earth Is stabilized with portland cement 
at a ratio at not more than 1"1 2 or if the earth fill is replaced with concrete 
for a lateral distance and depth of at least 300 mm ( 12 in). 

3. 'M"Ien Method B. C, or D is used, before the bottom plate is 
attached to the bottom reinforcing plate, (a) a sar~d cushion shall be 
placed flush wrth the top of the bottom reinforCing plate. (b) the earth 
fill and sand cushion shall be thoroughly compacted, and (c) grout 
shall be placed under the reinforcing ptate (If needed) to ensure a firm 
bearing. 

2. 'Mlen Method A is used. before the bottom plate is attached to the 
bottom re1nforc1ng plate, (a) a sand cushion shall be placed flush With 
the top of the bottom reinforcing plate. and (b) the earth fill and sand 
cushton shall be thoroughly compacted, 

Figure 5-13-Fiush-Type Cleanout-Fitting Supports (See 5.7.7) 
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I 
5 .7 .7.5 The nominal Ulickness of the shell plate in the flush-type deanout fitting assembly shall be at least as thick as tJ1e adja-

11 cent shell plate nominal thickness in the lowest shell course. TI1e nominal thickness of the shell reinforcing plate and the neck 
plate shall be. as a minumm1, the thickness of the shell plate in the cleanout-opening assembly. 

08 J 

os l 

The reinforcement in the plane of U1e shell shall be provided w ithin a height L above the bottom of the opening. L shall not 
exceed 1.517 except thai. in the case of small openings. L- h shall not be less than 150 mm (6 in.). Where thls exception results in 
an L U1at is greater than l.Sh, only the portion of the reinforcement that is within the height of 1.517 shall be considered effective. 
The reinforcement requLred may be provided by any one or any combination of the following: 

a. ·n,e shell reinforcing plate. 

b. Any thiclmess of tl1e shell plate in the flush-type cleanour 11tting assembly that is greater than the required thickness of lowest 
shell course, as detemtined by 5.6.3. 5.6.4 or A.4. 1 (with joint efficiency E = 1.0). 

c. The portion of the neck plate l1aving a length equal to the nominal tltick:ness of the reinforcing plate. 
Reinforcing area provided shall be adequate for Design Condrtions as well as Hydrostatic test Conditions. 

5.7.7.6 TI1e miniJnum width of the tank-bottom reinforcing plate at the centerline oftbe opening shall be 250 mm (10 in.) plus 
the combined nominal thickness of the shell plate in tbe cleanout-opening assembly and the shell reinforcing plate. 
The nominal U:tickness of the bottom reinforcing plate shall be not less tban that detennined by the following equation: 

In SI units: 

where 

tb = minimum thickness of the bottom reinforcing plate. in mm, 

h = vertical height of clear opening. i.u rum, 

b = horizontal width of clear opening, in m.m. 

H = maximum design liquid level (see 5.6.3.2), in m. 

G -= specific gravity. not less Omn l.O. 

In US Customary units: 

where 

I!J minimum thickness of the bottom reinforcing plate, (in.). 

h ve11jcal height of clear opening, (in,), 

b = horizontal width of clear opening. (in.), 

f/ = maximum design liquid level (see 5.6.3.2). (.ft). 

G = specific gravity, not less than 1.0. 

5 .7 .7 .7 The dimensions of the cover plate. bolting flange. bolting, and bottom-reinforcing plate shall conform to Tables 5-9a, 5-9b. 
5·1 Oa and 5-1 Ob. When corrosion allowance is specified. it is to be added to the cover plate, bolting flange tl:ticknesses. and bottom
reinforcing plate. 

5.7.7.8 AU rnat-cJia1s in the :Ilush-lype cleanout fitting assembly shall confonu to the requiJ·ements in Section 4. The shell plate 
containing the cleanout assembly, the shell reinforcing plate, tl1eneck plate, and the bortom reinforcing plate shall meet the Lmpact 
test requirements of 4.2.9 and Figw·e 4-1 for t11e respective thickness involved at the design metal temperatw:e for the tank. The 
notch toughness of the bolting flange and the cover plate shall be based on the govenling thickness as defmed m4.5.5.3 usiJ1g 
Tables 4-Ja. 4-Jb. and Figure 4- 1. Additionally, the yield strength and tbe tensile strength of the shell plate at the flush-type clea
nout fitting. the shell reinforcing plate, and the neck plate shall be equal to. or greater than, the yield strength and the tensile 
strength of tbe adjacent lowest shell course plate material. 



WELDED TANKS FOR OIL STORAGE 5-45 

5.7.7.9 11te dimensions and details of the cleanout-opening assemblies covered b) this section are based on intemal llydrosuuic 
loading "itb no c:-.1cmal-piping loading. 

5.7.7.10 When a flush-type cleanout fitting is installed on a tank that is resting on an earth grade without concrete or masonry 
walls tmder the tank shell. provision shall be made to support the fitting and retain the grade by either of the following methods: 

a. Install a vertical steel bulkhead plate tmder the tank. along the contour of the tank shell. symmetrical with Ute opening, as 
shown in Figw·e 5-13. Method A. 
b. Install a concrete or masonry retaining wall wtder the tank with the watrs outer face confom1ing to the contour oflhe tank 
shell as shown in Figure 5-13. MeU1od B. 

5.7.7.11 When a Ousb-type cleaoout fitting is installed on a tank that is resting on a ringwaiJ. a notch with the dimensions 
sho\>\rn in Figw·c S-13. Method C. shall be pi'Ovided to accommodate the cleanout fitting. 

5.7.7.12 When a Oush-type cleanout fitting is installed on a lank that is t·estlng on an t~arth grade inside a foundation retaining 
wall. a notch shall be provided in the retaining wall to accommodate the fitting, and a supplementary illS ide retaining wall shall be 
provided to surport the fitting and retain the grade. The dimensions shall be as shown in Figw·e 5-13, Melliod D. 

5.7.8 Flush-Type Shell Connections 

• 5.7 .8.1 Tanks may have flush-type connections at tbe lower edge of the shell. Each connection may be made flush ''~th the nat 
bottom under the following coudjtions (see Figure 5-14): 

a. TI1e shell uplift from the internal design atld test pressures (sec Appendix F) and wind and earthquake loads (see Appendi.x E) 
shall be cotmteracted so that no uplift will occur at the cylindrical-sheiVnat-bottomjwJccion. 
b. 1l1e veJ1ica1 or meridiona1merubr-d0e stress in tlle cylindrical shell at the top of the opeuing for the flush-type connection shall 
not exceed one-tenth of the circumferential design stress in the lo\\est shell course containing the opening. 
c. The maximum ''idth. b, oftbe flush-type connection opening in the C) lindrica1 shell shall not e..'\ceed 900 mm (36 in.). 
d. 11!1! maxunLIDI beighL h. of the opening in the cylindrical shell shall not c:-.cecd 300 mm ( ll in.). 
e. TI1e U1ickness. 111 • of the bottom-transition plate in the assembly shall be 13 mm ( lh_ in.) minimlllll or. when specified. the same 1 08 
as the thickness of the tank annular plate. 

5. 7.8.2 The detai Is of the connection shall confonn to those shown in figure 5-14. and the dimensions of the coonectiorl shall 
confonn to Tables S-12a and 5-12b and to tbe requirements of 5. 7 .8.3 through S. 7.8.1 1. 1 08 

5.7.8.3 The reinforced connection shall be completely preassembled into a shell plate. Tite completed assembly. including th~ 
shell plate containing the COIUleclion, shall be tberntally stress-relieved at a temperature of 600°C- 650°C ( 11 00°F- 12\)0"F) for 
1 hour per 25 mm (I in.) of shell-plate thickness, td (see 5. 7.4. 1 and 5. 7.4.2). 

5.7.8.4 The reinforcement for a flush-type shell connection shall meet the following r(!quirements: 

a. TI1e cross-sectionalat·ea of the reinforcement over the top of the cormection shall not be less than K11tt/2 (see 5. 7.7.4 ). 
b. ll1c nomim1l thickness of ~1e shell plate, ld, for the flusb-cmmection assembly shall be at least as thick as the adjacent shell 
plate nominal thickness, t, in the lowest shell co1Jrse. 
c. 11te nominal thickness of the shell reinforcing plate shall be, as a minimum, the nominal thickness of the shell pl::Jte in the 
flush-connection assembly. 
d. The reinforcement in the plane of the shell shall be provided within a height L above the bottom of the opening. L shall not 
~cced 1.511 except that, in the case of small openings. L - h shall not be less than ISO mm (6 in.). Where this exception results in 
an L that is greater than 1 .Sh, only the portion of the reinforcemem that is within the heigbt of 1.511 shall be considered 
effective. 
e. fbe required reinforcement may be provided by any one or any combination of the following: 

1. the shell rdnforcing plate: 
2. any thickness of the shell plate in the flush-type shell c01mection assembly that is greater tban the required thickness of 
lowest shell cow-se. as detem1u1ed by 5.6.3. 5.6.4, or A.4. 1 (with joint efficiency E = 1.0): and 
3. the po11ion oflhc neck plate having a length equal to the thickness oflhc reinforcing plate. 

Reinforcing area provided shall be adequate for Design Conditions as well as llydrostalic Test Conditions. 
f. Tlte width of the tank-bottom reinforcing plate at the centerlu1e of the opening shall be 250 mm ( 10 in.) plus the combined 
nominal thickness of the sJ1ell plate in dJe flush-connection assembly and the shell reinforcing plate. 1l1e thickness of the bottom 
reinforcing plate shall be calculated by the following eq11ation (see 5. 7.7.6): 

08 
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Table 5-12a-(Sf) Dimensions for Flush-Type Shell Connections (mm) 

Class ! 50 Arc Width ofSl1eU 
Nominal Height Height of Opening Width of Opening Reinforcing Plate 
of Flange Size h b IV 

8 200 200 950 

12 300 300 1300 

16 300 500 1600 

18 300 550 1650 

20 300 625 1725 

24 300 900 2225 

3for circul111 openings, U1is value wi11 be 1/2 of the .LD based oJJ the nozzle neck specified. 
Note: See figure 5-H . 

Upper Comer Radius 
of Opening 

rt 

OD of8NPS9 

0Dof l2NPS3 

l50 

150 

150 

!50 

Table 5-12b-(USC) Dimensions for Flush-Type Shell Connections (in.) 

Class 150 A:Jc Width of Shell 
Nominal Heig)lr Height of Opening Widlb of Opening Reinforcing Plate 
ofFlnuge Size h b w 

8 85/s 8Sfs 38 

12 12% 123/4 52 

16 12 20 (H 

18 12 22 66 

20 l2 25 69 

24 12 36 89 

8For circular openings, this value ·will be 1/2 of the lD based on the nozzle neck specified. 
Note: See Figute 5-14. 

ln Sl w1its: 

where 

I& = minimwn thjckness of the bottom reinforcing plate, in mm, 

h = vertical height of clear opening, in rum, 

b = horizontal width of clear opening, in mm. 

1-J = maximum design liquid level (see 5.6.3.2), in m. 

G = specific gravity. not less than l.O. 

In US Customary units: 

where 

Jl b 
tb == -- + - JHG+CA 

14,000 310 

t0 ~ minimum thick'tless ofthe bottom reinforcing plate, (in.), 

h = vertical height of clear opening_, (in.), 

b = borizontaJ width of clear opening, (in.), 

H = maximum design liquid level (see 5.6.3.2), (:ft), 

G = specific gravity, not less than 1.0. 

Upper Comer R,adius 
of Opening 

n 
43 

4a 

6 

6 

6 

6 

Lower Comer Radius of 
Shell Reinforcing Plate 

r 1 

350 

450 

450 

450 

-1-50 

450 

Lower Comer R.adi us of 
SbeU Reinforcing Plate 

1'1 

14 

18 

18 

18 

18 

18 
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Shell plate in 
flush connection = !;, 

c -, 

See Section C-C 
(Figure 5-11 -
continued) 

\ "''"'~""' "''' . \ 
r2 

Centerline 
of connection 

Figure 5-14-Fiush-Type Shell Connection 

Centerline of connection 

,_ 

Bottom transition 
plate for minimum 
arc dimension of 
W + 1500 mm (60") 

SECTION A-A 

5-47 
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Centerline 
of nozzle 

flange 

Nozzle neck 
(see 5.7.8.4, 

Item g) 

API STANDARD 650 

{ ~ound corner 
"-..when ld > 40 mm (1 '12'') 

t., 
(40 mm [1 W '] max) 

t. 

t 

1
125 mm (See Note 2) 

-- "(z (min) - (S') ~ 
td ~Yft.~~ 

~~~~~~--~~~~ 

' ~ ~~~LU~~~~~ 
(See Note 1) 4 

G- Flanges per Tables 5-10a and 5-10b 

Typical Detail ror Connections with b = h 

125mm (5")1 
+-1 1-- ~ 

C_- Flanges per Tables 5-Sa and 5·8b 

Centerlfne of 
nozzle flange and 
shell opening 

Back chip 
and weld 

Typical Detail for Connecllons with b > h 

SECTION C-C 

Note 1: Flange weld sizes shall be the smaller of the available hub material for t11 

Note 2: Thickness of thinner plate joined 13 mrn (1(2 in.) maximum. 

Full-penetration weld 

Bottom 
reinforcing 

plate \b 

Bottom 
reinforcing 

plate t0 

Full-penetration 
weld 

Figure 5-14- Fiush-Type Shell Connection (continued) 

\ 
Alternative 
butt-weld detail 

6mm 
('/~")mi n 

32mm 
(1 1/•''l min 
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l11e 1nioitnuru value of tb shall be: 

16 mm CS/s in.) for HG $ 14.4 m (48ft) 

t 7 mm ( 11 /16 iJ1.) for 14.4 111 (48 ft) < HG ~ 16.8 m (56ft) 

19 mm (1/4 in.) for 16.8 m (56ft)< HG ~ 19.2 m (64ft) 

5-49 

g. The cotToded thickness of the nozzle neck and transition piece. t11• shall be not less than 16 mm (5/s in.). E.xtemalloads applied l u 
to the cmmection may require r11 to be greater than 16 nun (5/s in.). 

5.7.8.5 All materials in the flush-type shell connection assembly shall confmm to the requirements jn Section 4. The matetiaJ 
of the shell plate in the connectioo assembly, the shell reinforcing plate, the nozzle neck attached to the shell, the tTansition piece, 
and the bottom reinforcing plate sball conform to 42.9 and Figure 4-1 fol" the respective thickness involved at the design metal 
temperature tor the tank. The notch toughness of the bolting flange and the nozzle neck attached to the bolting flange shall be 
based on 01e goveroing Olickness as defmed in 4.5.5.3 and used in figure 4- l. Additionally, the yield strength and the tensiJe 
strength oflhe sbell plate at the Oush-type shell connection and the shell reinforcing plate shall be equal to. or greater tbm ilie 
yield strength anti the tensile strength of the adjacent lowest shell course plate material. 

5.7.8.6 The nozzle transition between the flush connection in tJ1e shell and the circular pipe flange shall be desigued in a man
ner consistent with the requirements of U1is Standard. Where this St<mdard does not cover aU details of design and constmction. 
the Mrumfachtrer shall provide details of design and constmction that will be as safe as the details provided by 01is Standard. 

5.7.8.7 Where anchoring devices ru·e required by Appendices E and F to resist shell uplift. the devices shall be spaced so that 
they will be located immediately adjacent to each side of the reiufordng plates aroUlld the opening. 

5.7.8.8 Adequate provision shall be made for fi·ee movement of connected piping to minimize thmsts and momeuts applied to 
the shell connection. AJJowruJce shall be made for the rotation of the sbell counection caused by the restraint of the tank bottom
to-shell expru1sion from stress and temperature as well as for the thermalruld elastic movement of the piping. Rotation of01e shell 
connection is shovm in Figw-e 5-15. 

5.7.8.9 The foundation in Ole ru·ea of a flush-type connection shall be prepared to support the bottom reinforcing plate oftl1e 
com1ection. The foluldation for a tank resting on a concrete ringwaJJ shall provide tmifom1 supp01t for both the bottom reirtforcing 
plate and the remai.uiog bottom plate under the tank shell. Different methods of suppo11ing the bottom reinforcing plate under a 
flush-type connection are shown in Figw·e 5-13. 

5.7.8.10 Flush-type connections may be installed using a common reinforcing pad; however. when this construction is 
employed, the minimum distance ben.veen nozzle centerlines shall not be less tllan 1.5[b1 + b2 + 65 rom (2 1 /2 in.)]. where b1 and 
b2 are t11e widths of adjacent openings. or 600 mm (24 in.). whichever is greater. The "'idth of each opening. b. shall be obtained 
from Tables 5-12a and 5-12b for the respective nominal flange size. Aqjacent shell fl ush-type connections 01ot do not share a 1 08 
conunon reinforcing plate shall have at least a 900 l1lDl (36 in.) clearance between Ole ends of their reinforcing plates. 

5.7.8.11 All longitudinal butt-welds in the nozzle neck and transition piece, if any, and the first circwnferential butt-weld in the 
neck closest to the shell, excluding neck-to-flange weld. shall receive 100% radiographic examination (see 8.1 ). The nozzle-to
tank-shell and reinforci11g plate welds and the shell-to-bottom reinforcing plate welds shall be examined for their complete length 
by magnetic pruticle examination (see 8.2). TI1e magnetic pru1icle examination shall be perfom1ed on the root pass. on every 
13 mm ( 1!2 in.) of deposited weld metal while the welds are made. aud on the completed welds. The completed welds shall also 1 08 

be ,·isually examined. The examination of the completed welds shall be perfonued after stress-relieving but before hydrostatic 
testing (see 8.2 and 8.5 for the appropriate inspection and repair criteria). 

5.8 SHELL ATTACHMENTS AND TANK APPURTENANCES 

5.8.1 Shell Attachments 

5.8.1.1 Shell attachments shall be made, inspected, and removed iu confotmance with Section 7. 

a. Pennanent attachments are items welded to the shell that will remain while the tank is in its intended setvice. TI1ese include 
items such as wind girders, stairs, gauging systems, davits, walkways, tank anchors, supports for intemal items such as heating 
coils ru1d other piping supports. ladders. flo:-~ting mof suppot1s welded to the shell, e>.1·erior piping supp01ts, grounding clips. insu-
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Shell radius: R + ,:,R 

Height of bending 
In shell varios with 
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Figure 5-15-Rotation of Shell Connection 

fat ion rings, and electtical conduit and fixtures. Items installed above the maximum liquid JeveJ of the tank are not permanent 
attachments. 
b. Temporaw attachments are ltems welded to the shell that will be removed prior to the tank being commissioned into its 
il1tended service. These include items such as alignment clips, ·fitting equipment, stabilizers, and lifting Jugs. 

5.8.1.2 When attaclnnents are made to shell courses of material in Group IV, I VA, V, or Vl, the movement of the shell (particu
larly the movement of the bottom comse) under hydrostatic loading shall be considered, and the attachments shall meet t11e fol
lowing req11irements: 

a. PemHU1ent attachme.nts may be welded directly to the shell 'A~th fillet welds having a max.i:rmun leg dimension of 13 rnm ( 1/2 in.). 
The edge of any permanent attachment welds shall be at least 75 mm (3 in.) from the ho1i.zontal joints of tl1e shell and at least 
J 50 mm (6 in.) from the vertical joints. insert-plate joints, or reinforcing-plate Jillet welds. Penn anent attachment welds may cross 
shell ho1izontaJ or vertical butt welds providing the welds are continuous wifuU1 these l.inllts and the angle of incidence between the 
two welds is greater than or equal to 45 degrees. Additionally, any splice weld in lhe permanent attachment shall be located a mini
nllll1l o.f 150 UUll (6 in.) from any shell weld unless the splice weld is kept from intersecting the shell weld by acceptable 
modifications to the attachment. 
b. The welding and inspection ofpennanent attachments to these shell courses shaJJ conform to 7.2.3.5. 
c. Temporary attachments to shell courses shall preferably be made prior to welding of the sbeJJ joir1ts. Weld spacing for iempo
rary attachments made after welding of the shell joints shall be the same as that required for pennaneot attachments. Temporary 
attaclunents to shell courses shall be removed, and any resulting damage shall be repaired and groLmd to a smooth profile, 
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• 5.8.2 Bottom Connections 

Connections to the tank bottom are permil1ed subject to agreement between the Purchaser and the Manufacturer with respect to 
details that provide strength. tightness. and utility equal to the details of shell cormections specified in this Standard. 

5.8.3 Cover Plates 

5.8.3.1 Omeinforced openings less than or equaJ to NPS 2 pipe size are pennissible in Oat cover plates without increasing the 
cover plate Utick.ness ut11e edges oftbe openings are not closer to the center of the cover plate Ulan ooe-fOluth the height or dianl
eter of the opening. Requirements for openings NPS 2 pipe size and smaller that do not satisfy the location requirement and for 
larger reinforced openings are given in 5.8.3.2 through 5.8.3.4. 

5.8.3.2 Reinforced opeui.t1gs in the cover plates of shell manholes and flush-type clean outs shall be limited to one-half the 
diameter of t11e manhole or one-half the least dimension of the flush-type clean out opening but shall not exceed NPS 12 pipe size. 
Tbe rein[(>rcement added to an opening may be a reinforcing plate or an increased thickness of the cover plate, but in either case, 
the reinforcement sl1all provide an added reinforcing area no less than the cutout area of the opening in the cover plate. 

A cover plate with a nozzle attachment for product-mixing equipment shall have a thickness at least I A times greater than the 
thickness required by Tables 5-Ja and 5-Jb. ·n1e added thickness (or pad plate) for replacement of !be opening cutout in the cover 
plate shall be based on Tables 5-Ja and 5-Jb. TI1e 40% increase in thickness within a radius of one diameter of the opening may be 
included as part of the area of replacement required. The mixer-nozzle attachment to the cover plate shall be a full-peneu·ation 
weld. The manhole bolting-flange thickness shall nol be less than 1.4 times the thickness required by Tables 5-Ja and 5-3 b. The 
manhole nozzle neck shall be designed to support the mixer forces wirh a minimum thickness not less than Ule requirements of 
Tables 5-4a and 5-4b wiU1out comparison to the increased bolting-flange thickness noted in this section. 

5.8.3.3 When cover plates (or blind flanges) are required for shell nozzles. the minimwn tl1ickuess shall be that given for 
Oanges in Tables 5·8a and 5·8b. Reinforced openings in the cover plates (or blind Jlanges) of shell nozzles shall be limited to one
half the diameter of the nozzle. The reiufoJ·cement added to an opeuing may be an added pad plate or an increased thickness of the 
cover plate. but in either case. the reinforcement shall provide an added reinforcing area no less tbau 50% of the cutout area of the 
opening in the cover plate. Mixer nozzles may be attached to cover plates. 

5.8.3.4 Openings in the cover plates of-flush-type cleanoul fittings shall be located on the vertical centerline of the cover plate 
and shall be in accordance with 5.8.3. 1 and 5.8.3.2. Adeqllale provisions should be made for free movement of connected piping 
to miuim.ize thrusts and moments on the cover plate to 2225 N (500 lbs) and 60 N·m (500 ft-Jbs). Analysis or load leak test may 
be used to accept greater loads or moments. 

5.8.3.5 Shell manhole covers shall have two handles. Those covers weigblng more than 34 1-.:g (75 lb) shall be equipped with 
eiU1er a hinge or davit to facilitate l11e handling of the manhole cover plate. The davit support a1m shall not be welded directly to 
the shell witl10ut a reinforcing plate. 

5.8.4 Roof Manholes 

Roof m:mholes shall confoim to Figure 5-16 and Tables 5-l3a and 5-l3b. The effects of loads (other than 110nnal personnel 
access) applied at the roof manhole and supporting roof st.mctmc shall be considered. Examples of such loads may include faJJ 
p1;otection anchorage. hoisting, or pc1·sonnel retrieval. The roof stmcturc and plate arollDd the manhole shall be reinforced as 
necessary. 

5.8.5 RoofVenting 

5.8.5.1 Tanks designed in accordance with this Standard ~md baving a tixed roof shall be vented for both nonnal conditions 
(resulting from operational requirements. including maximum filling and emptying rates, and atmospheJic temperature changes) 
and emergency conditions (resulti.t1g ft-om exposm·e to an extemal tire). Tanks with both a fixed roof and a floating roof satisfy 
these requirements when they comply with the circulation ventiug requirements of Appendix H. Ali other tanks designed in 
accordance with this Standard ami having a fixed roof shall meet the venting requirements of 5.8.5.2 and 5.8.5.3. 

5.8.5.2 Normal venting shall be adequate to prevent intemal or external pressure fi·om exceeding fue corresponding tank design 
pressures and shall meet the requi.t·ements specified in APT Std 2000 for nonnal venting. 

• 5.8.5.3 Emergency venting requu-ements are satisfied if the tank is equipped with a weak roof-to-shell attachment (frangible joint) 
in accordance with 5.1 0.2.6, or if the tank is equipped with pressme reUef devices meeting the requirements specified in API Std 
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diameter holes (see Tables 5-13a and 5-13b for number 
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SECTION A-A-ROOF MANHOLE WITH REINFORCING PLATE 
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BASE FOR ROOF MANHOLE WITHOUT REINFORCING PLATE 

Figure 5-16-Roof Manholes (See Tables 5-13a and 5-13b) 
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Table 5-13a-(SI) Dimensions for Roof Manholes (mm) 

Column I Column 2 ColtUllll3 Cohunn 4 Column 5 Columu6 Column 7 ColUDJtJ 8 

Diameter of 
Hole in Roof 

Diameter Diameter Plate or 
Diameter of Cover of Bolt Diameter of Gasket Reinforcing 

Si7.e of of Neck Plate Circle Number Plate 
M<UlJJole flY' Dr Dn of Bolts Tnside Outside /)p 

500 500 660 597 16 500 660 524 
600 600 761 699 20 600 762 625 

3Pipe may be used for neck. providing the minimum nominal wall thickness is 6 mm (/D and Dp sb:ill be adjusted accordingly.) 
Note: See Figure 5-18. 

Table 5-13b-(USC) Dimensions for Roof Manholes (in.) 

Column I Coltunn2 ColUlllll3 ColUlllll ~ Column 5 Colwno 6 Cohunn 7 Cohunu 8 

Diameter of 
Hole in Roof 

Diameter Diameter Plate ot 
Diameter of Cover of Bolt Diameter of Gasb.et Rein forcing 

Size of of Neck Plate Circle Number Plate 
Mruthole JJ:;a De Dn of Bolts Inside Outside Dp 

20 10 26 231h 16 :!0 26 205/8 

24 2-l 30 271/2 20 24 30 us/s 

apipc may be used for nt:ck. providing the minimwn nominal \ovalllhicJ...llesS is 1/4 in. (JD andDp shall be adjusted accordingly.) 
Note: See Fi!:,'llre 5-1$. 
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Colutnn 9 

Outside 
Diameter of 
Reinforcing 

Plate 
DR 

1050 
1150 

Column 9 

Outside 
Diameter of 
Reinforcing 

Plate 
DR 

42 

46 

2000 for eme1gency venting. When pressw·e relief devices are used to satisfy the emergency venting requb•ements. 1l1ey shall achieve 
the tlow rates specified in API Std 2000 without exceeding the foUowing limits on internal presstrre: 

a. For w1anchored tanks, the pressure relief devices shall be adequate to prevent internal presstu·e from exceeding the tank design pres
sure as detem1ined in F.4.1 (subject to the limitations in F.4.2 and F.4.3, as applicable). In calculating limitations per F.4.2, use M = 0. 

b. For anchored tanks. except those designed to F.1.3, the pressure relief devices shall be adequate to prevent intemal pressw·e 
from exceeding the tank design pressure as detem1ined in F.4.1 (subject to the lin1itations in F.4.3. as applicable). 

c. For tanks designed to f.l .3 (anchored tanks). tho pressure relief devices shall be adequate to prevent intemal pressme from 

08 

exceeding tl1c design pressure specified by the Purchaser, 07 

• 5.8.5.4 The filling and emptying rates are specified on the Data Sheet Line 7. See U1e Data Sheet. Table 3 for venting devices, 
which shall be specified by !he Pw·chaser and ve1ified by the Manufacturer. 

5.8.5.5 Corrosion-resistant coarse-mesh bird screens ( I 3 mm [l h in.] nominal openings) shall protect all :fiee vents. 

5.8.5.6 Flanged roof nozzles shall conform to Figure 5-19 and Tables 5-14a and 5-14b. Slip-on flanges and weld neck flanges 
shall couf01m to the requirements of ASME B16.5 for Class 150 plate-ring flanges shall confonn to aU of the ilimeusional 
rt:quirements for slip-on welding flanges with the exception that it is acceptable to omit U1e eKtended bub on the back of the slip
on or weld neck flanges. Raised face flanges shall be provided for nozzles with attached piping. Flat face flanges shall be pro
vided for roof nozzles used for the mounting of tank accessories. 

5.8.5. 7 Threaded roof nozzles shall confonn to Fig11te 5-20 and Tables 5-15a and 5- ISb. 

5.8.6 Rectangular Roof Openings 

5.8.6.1 Rectangular roof openings shall confonn to Figw-es 5-1 7 and 5- 18 and/or this section. The effects of loads (other than 
nonnal personnel access) applied at the roof opening and supporting roof structure shall be considered. Examples of such loads 
may include fall protection anchorage. hoisting. or pers01mel retrieval. The roof !>iructure and plate ru·mmd tbe opening shall be 
reinforced as necessary. 

08 

07 
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Table 5-14a-(SI) Dimensions for Flanged Roof Nozzles (mm) 

Colwnu l Cohuno 2 Cohunu3 

Diameter of Hole in Roof Plate 
Nozzle Outside Diameter or Reinforcing Plate 
NPS of Pipe Neck Dp 

tl/2 -l8.3 50 

1 60.3 65 

3 88.9 92 

-l 114.3 120 

6 168.3 170 

8 219.1 225 

10 273.0 280 

11 323.8 330 

aReinforcing plates are not reqttired on nozzles NPS 6 or smaller bul may be used if desired. 
Note: See Figure 5-19. 

a Reinforcing plates are not required oo nozzles NPS 6 or smaller but may be used if desired. 
Note: See Figure 5-19. 

Cohuun 4 

Minimum Height 
of Nozzle 

Hu 

150 

150 

150 

150 

!50 

150 

200 

200 

Colwnu 5 

Outside Diameter of 
Reinforcing Plate~ 

Du 

125 

175 

225 

275 

375 

450 

550 

600 

5.8.6.2 TI1e cover plate thickness and/or sttuclural supp011 shall be designed to limit ma.ximum fiber stresses in accordance 
with this Standard. however. cover plate thickness shall not be less tban 5 mm (3/ 16 in.). h• addition to other expected design 
loads, consider a 112 kg (250 lb) person standing in the center of tbe installed/closed covet. The designer shall consider wind in 
the design of hinged openings and how removed covers will be handled without damage (~dequate rigidity). 

5.8.6.3 Rectangular openings, other than shown in figures 5-17 and 5-18, and openings larger than indicated shall be designed 
by an engineer experienced in tank design in accordance with this Standard. Hinged covers presc1ibed in Figure 5-18 may not· be 
used on roofs designed to GOnt~in internaJ pressure. flanged covers prescribed in Figw·e 5-17 may not be used on tanks with inter
nal pressures (acting across the cross sectional area of the tank root) that exceed tbe w-eight of the roof plates. TI1is section applies 
only to fixed steel roofs. 

• 5.8.7 Water Drawoff Sumps 

os 1 Water clrawof.f swnps shall be as specified in Figure 5·21 ~nd Tables 5-16a and 5-16b) mlless otherwise specified by the Purchaser. 
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Table 5-15a- (SI) Dimensions for Threaded Roof Nozzles (mm) 

Co!unllll Column 2 Column 3 

Diaroetel' of Hole in Roof P late 
Nozzle Coupling or Reinforcing Plate 

NPS NPS Dp 

3/4 3J., 3Q 

1 I ~~ 

Jl/2 Jl/2 60 

2 2 76 

3 3 105 

4 4 135 

6 6 191 

s 8 250 

10 10 305 

12 12 360 

3Reinforc.ing plates are not required ou uozz.les NPS 6 or smaller but lllllY be used if desired. 
Note: See Figure 5-20. 

Table 5-15b-(USC) Dimensions for Threaded Roof Nozzles (in.) 

Colulllli l CohUJm 2 Cohunn3 

Diameter of}iole in RoofPlate 
Nozzle Coupling or Reinforcing Plate 
NPS NPS Dp 

3/4 3/4 17ft6 

1 I 123/32 

11/l ]1/2 211/32 

2 2 3 

3 3 41/s 

4 4 511 /32 

6 6 71 713'! 

s 8 91(8 

10 10 12 

12 12 141/11 

3Reiuforcing plates are not required ou nozzles NPS 6 or smaller but may be used if desired. 
Note: See Figure 5-20. 

5.8.8 Scaffold-Cable Support 

5-56 

Columu4 

Outside Diameter of 
Reinforcing Plate11 

DR 

\00 

110 

125 

175 

l25 

275 

375 

-150 

550 

600 

Colwno 4 

Outside Diameter of 
Reinforcing Plate3 

Dn 

4 

.jl/2 

5 

7 

9 

l1 

15 

18 

22 

24 

The scaffold-cable suppon shall conform to Figure 5-22. Where se<uns or other attachme-nts are located at U1e center of the tank 
roof, the scaffold supp0l1 shall be located as close as possible to the center. 

5.8.9 Threaded Connections 

nrreaded piping conuections shall be female and tapered. The threads shall conform to the requirements of ASME 81.20. 1 for 
tapered pipe threads, 
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Notes: 

0 

0 

0 
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1800 mm 
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• 0 
(6')max 
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'--- U' 

0 

0 

0 

API STANDARD 650 

Grind flush~ 

17U 

'Xso 1/ 
1-75 mm (3") typical 

Section A-A, Typical 

0 0 0 0 0 0 0 0 0 0 

l_j 
125 mm (5") 

typical 

Neck 6 mm (1//) thick min. 0 

0 

B 
Except for handles, cover 0 

+ plate not shown. t 

------------------------------------ e- .2 

~ 

16 mm (SJs") diameter rod. 
0 

~ 4 places 
0 

0 0 0 0 0 0 0 0 0 0 

38 mm (1 .5") x 38 mm (1 .5") x:6 mm (1//) lab 

Section B-B 

6 mm (1//) reinforcing plate, When required. See Note 4. 

1, VVeld size shall be the smaller of the plate thicknesses being joined. 
• 2. Cover may be either parallel to roof or horizontal. Opening may be oriented as desired. 

Typical 

3. Bolts shall be 16-mm (5/8-in.) diameter in 20-mm (3/4-in.) holes, which shall be equally spaced and shall not exceed 125-mm (5 in.) on center. 
4. When required, provide 6-mm (114-in.) reinforcing plate. Width atleast 1/2 smallest opening dimension. Round outside corners with 75 mm 
(3 in,) radius, minimum. Seams shall be square groove butt-welded. 

Figure 5-17 -Rectangular Roof Openings with Flanged Covers 



Notes: 

1800 mrn 
(6')max 

VIIELDED TANKS FOR O IL STORAGE 

5 mm (3/15") typical 

16 mm (%")diameter rod handle, 1 place 
for 900 mm (3') or less cover, 2 places al 
1{4-polnls for larger openings 

ll
r ~ ;~ 
~-=. =--=.-=-~-=---::... -=--~-::...-=---=---=--=--=--::...-::..-::...-::..-::... ~j 
t--------900 mm (3') max-----I 

Plan 

Elevation 

1. V\leld size shall be the smaller of the plate thicknesses being joined. 
2. Cover may be either parallel to roof or horizontal. Opening may be oriented as desired. 
3. Reinforcement. when required. shall be as shown in Figure 5-19. 

4. Not for use on roofs designed to contain internal pressure. 

Fabncate hinges From NPS 1 
SCH 40 pipe and 22 mm [118') rod, 
minimum 2 each, maximum 600 mm 
(2') O.C., equally spaced. 

r 50mm (2") 

Figure 5-18- Rectangular Roof Openings with Hinged Cover 

5.8.10 Platforms, Walkways, and Stairways 

5-57 

a. Platfom1s, walk\vays. and stairways shall be in accordance with Tables 5-1 7, 5-18, 5-19a, and 5-19b, and OSHA 29 CFR 1910. 
Subprut D , or equivalent naliooal safety standard and the requiremenls herein. except as uoted herein. 

b. For examples of acceptable details, see Process Industry Practices standaJ·d details PIP STF05501. PIP STf05520. and PIP 
STF05521 (see www.pip.org). 

c. Unless declined on the Data Sheet, Line 24. n roof edge landing or gauger's platfmm shall be provided at the lop of all tanks. 

5.8.11 Other Appurtenances and Attachments 

5.8.11.1 F loating suction lines shall be provided when specified on the Data Sheet, Table 4. F loating suction lines using rigid 
articulated (having oue or more swing joints) pipe shall be designed to travel in a vertical pl311e and prevent damage to the floating 
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Axis always 
vertical Plain or raised-face 

/ slip-on welding, welding-neck, 
or plate rin~ ftange 

Axis always 
vertical 

Alternative 
Neck-to-Roof-Plate 

(See note) - --14--. B---rT-- Joint 
__ i- _ ~/~6;:sss mmv:ss:s('/•") 

\_ Roof plate )s:s::s;ssss:i~~c=~ -:=:::~ \_ ~oor Pia" 

Standard-weigh! line pipe 

NOZZLE WITH REINFORCING PLATE BASE FOR NOZZLE WITHOUT REINFORCING PLATE 

No1e: When the roof uo1.z!e is used for vent iug, the neck shall be IJ;imrued Hush with tbe roofliue. 

Figure 5-19-Fianged Roof Nozzles (See Tables 5-14a and 5-14b) 

r6mm (!/.,'') 

T 
Pipe coupling 

Axis always 
vertical 

\_ 
Roof plate 

NOZZLE WITH REINFORCING PLATE NOZZLE WITHOUT REINFORCING PLATE 

Nole: See 5.8.9 for requirements for threaded connections. When 1l1e roof nozzle is used for veuting, t11e neck shall be trimmed f11L.<ili witl1 the 
roofliue. 

Figure 5-20--Threaded Roof Nozzles (See Tables 5~ 15a and ~ 15b) 

roof and the suction line tlu·ough its design range of travel. 1l1ese lines shall be designed so that the vertical plane is as close as 
possible to, and in no case greater than 10 degrees o·ff, a radial line from tl1e tank centerline to the nozzle. Adjustrut:nts shall be 
made to clear intemal structw·es. 

• 5.8.11 .2 Inlet diffusers shall be provided if requested in tbe Other Tank Appurtenances section oftbe Data Sheet. Table 4. (See 
API RP 2003 and Appendix H for adctitional infmmatiou.) 

• 5.8.11.3 If required by the Purchaser. grounding lugs shall be provided in the quantity specified on ilie Data Sheel, Table 4. and 
comply with Figure 5-23. The lugs shall be equally spaced ar-ound the base of the tank. Provide a minimum of four lugs. The sug~ 
gested maxim wn lug spacing is 30 m ( l 00 fl ). 

Note: Tanks that rest directly on a foundation of soil, asphalt or concrete are inherently grounded for pmposes of dissipation of electrostatic 
charges. The addition ofg:tollllding rods or siu1ilar de\-ices will not reduce the hazard associated with electrost11tic charges in ll1e stored product. 
A.Pl RP 2003 and N.FPA-780 contain additional information about rank grounding issues as well as comments about lighllling proJection. 

5.8.11.4 AU non-circular miscellaneous pads shall have row1ded comers with a minimum radius of 50 mm (2 in.). Pads that 
must cover sbell seams shall be provided with a 6 mm (1/4 in.) telltale hole (see 5.7.3.4). 

5.9 TOP AND INTERMEDIATE STIFFENING RINGS 

5.9.1 General 

An open-top t.ank shall be provided with stiffening rings to maintain roundness when tlle tank is subjected to wind loads. TI1e stiff~ 
ening rings shall be located at or near the top oftbe top course, preferably on the outside of the lank shell. 11ris design for rings 
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Note: The erection procedure shall include the folloWing steps: (a) a hole shall be cut ln the bottom plate or a sump shall be placed in the 
foundation before bottom placement (b) a neal excavation shall be made to conform to the shape of the ctrawoff sump, the sump shall be put 
In place, and the foundation shall be compacted around the sump after placement; and {c) the sump shall be welded to the bottom, 

Figure 5-21-DrawoffSump (See Tables 5-16a and 5-16b) I os 

t 
6 mm ('/.'') plate 

6mm (1# 
150mm(6'') 

Figure 5-22-Scaffold Cable Support 

Note: NPS 4 Schedule 40 pipe 
(wall thickness = 6.02 mm 
[0.237 in.): outside diameter = 
114.3 mm [4.5 ln.]), 

used as wind girders also applies to floating-rooftanks covered in Appcmdix C. The top angle and the wind girders shall conf01m, 
in material and size, to the requil'cments of t.h is Standard. 

5.9.2 Types of Stiffening Rings 

Stiffening rings may he made of structtual sections. fonued plate sections. sections built up by welding. or combinations of such 
types of sections assembled by welding. The outer periphery of stiffening rings may be circular or polygonal (see figure 5-24 ). 

5.9.3 Restrictions on Stiffening Rings 

5.9.3.1 The minimum size of angle for use alone or as a component in a built-up stiffening ting shall be 65 " 65 ,.. 6 mm (2 1 h x I 
21/2 ~ 1/4 in.). 1l1e minimum nominal thiclmess of plate for use in formed or built-up stiffening rings shall be 6 mm (0.236 in.). 08 
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Table 5-16a-(SI) Dimensions for Drawoff Sumps 

Distance from 1bickness of Plates 
Diameter of SliDl]> Depth of Sump Center Pipe to Shell in Smnp Minimum Internal Minimum Nozzle 

nm> lllll1 m lllll1 Pipe Thickness Neck Thickness 
NPS A B c I mm 1lllll 

2 610 300 1.1 8 5.54 5.54 

3 910 450 1.5 10 6.35 7.62 

4 1220 600 2.1 10 6.35 8.56 

6 1520 900 2.6 11 6.35 10.97 

Note: SeeFigure5-19. 

08 Table 5-16b-(USC) Dimensions for Drawoff Sumps 

Distance from Thickness ofPlates 
Diamerer of Stuup Depth of Sump Center Pipe to Shell in Sum]> Mlu.i.m lUll Internal Mininnun Nozzle 

in. ill. fl: in. Pipe Thick"tless Neck Tbiclmess 
NPS A B c I in. in. 

2 610 (24) 12 3111 51t6 0.218 02.18 

3 910 (36) 18 5 3ts 0.250 0.300 

4 1220 (48) 24 63/4 3ts 0.250 0.337 

6 1520 (60) 36 81/2 1tl6 0.250 0.432 

Note: See Figure 5·19. 

Table 5-17 -Requirements for Platforms and \Nalkways 

1. AU parts shall be made of metal. 

01 1 2. The minimun1 width of the walkway shalJ be 610 mm (24 in.), after making adjustments at all projections. 

' "· Flooring shall be made of grating or nonslip material. 

4. Tbe height of tl.te top railing above the floor shall be I 070 = ( 42 in.). a 

5. The ruinimU!.U height of the toeboard shall be 75 m1n (3 in.). 

6. The maxim1WJ space between the top of the floor and the bottom of the toeboard shall be 6 mm ( 1/ ~ in.). 

7. The beigbt of the m.idrail shall be approximately one-balf lhe distance from the top of the walkway to the top of the railing, 

8. The maximwn distance betv.recn railing posts shalJ be 2400 mru (96 in.). 

9. The completed structme shall be capable of supporting a moving concentrated load of 4450 N (1000 lbt), and the handmil stmcture 
sbaJJ be capable of witb~'taudiog a load of 900 N (200 lbt) applied in any direction at any point on the top rail. 

10. Handrails shall be on both sides of the platfoml but shall be discontim1ed ""i1ere necessary for access. 

11. At' handrail opeuiogs. any space wider than 150 111m (6 in.) betv.'eeo the tank and tlle platform should be ·floored. 

12. A tank runway that exieuds from one part of a tank to any part of an adjacent tank. to the grotmd or to another stmcture shall be sup· 
ported so that free relative movement of the structures joined by the nmway is pennitted lbis may be accomplished by fum attaclunent 
of the runway to one tank and the use of a slip joint at the point of contact between tl.terunway and the other tank. (This method permits 
either tank to settle or be disrupted by an explosion without the other tan.k being endangered 

07 1 3 Tbis handrail height is required by OSHA specifications. 
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Table 5-18-Requirements for Stairways 

1. All parts shall be made of metal 

2. Tile minimum width oftue stairs shall be 710 rum (28 in.). 

3. The maximum angle" of the stairvr.1y with a horizontal line shall be 50 degrees. 

4. The min.imtun widtl1 of the Stair treads shall be 200 lllDl (8 in.). (The sluu of twice tbe rise oftbe stair treads plus tl1e nu1 [defined as the 
horizontal distance bet"\\1\'!en the noses of successive tread pieces] shall not be less than610 mro (2-1. in.] or more thau 660 rum [26 in.]. 
Rises shall be 1u1iiorm througbo11t tlle height of tlle stairway.D 

5. Treads shall be made of grating or nonslip material. 

6. The top railing shall join U1e platform handrail without offset, and tlle height measured vertically from tread level at tl1e nose of the 
ttead shall be 760 nun- 860 nun (30 in. - 34 in.). 

7. The maximum distance between railing posts. measured along the slope of the i11lling, shall be 2.t00 rum (96 in.), 

8. The completed stmcture shall be capable of supp01ting a moving concentrated load of 4450 N (1 000 lbO. and the handrail structure 
shall be capable of v.itllstanding a load of900 N (200 lb:f) applied in any direction at any point on tlle lOI> rail. 

9. Handrails shall be on both sides of straight stairs; handrails sball also be on both sides of circular stairs when the clearance between the 
tank shell and the stair stringer exceeds 200 mm (8 in.). 

10. Circtuuferential stairways shall be completely supported on the shell of the tank, nnd the ends of the string,et-s Shall be clear of the 
gro1md. Stairways shall extend from tlle bottom of the tank up to a roof edge lauding or gauger's platform. 

alt is recommended that the same augle be employed for all stairways in a tank group or plant nrea. 

Table 5-19a-(SI) Rise, Run, and Angle Relationships for Stairways 

2R + r= 610 rnm 21? + r = 660 tnm 

Heigh1 ofRise WidthofRun Angle WidtbofRun Angle 
mm mm rnm 
R r Degrees Minutes ,. Degrees Minutes 

135 340 21 39 

140 330 22 59 380 20 13 

145 320 24 .,~ _ _, 370 21 24 

150 310 .25 49 360 22 37 
ISS 300 27 19 350 ?' _., 53 

165 280 30 31 330 26 3.t 

170 270 32 12 320 27 59 
(18 

ISO 250 35 45 300 30 58 

185 240 37 38 290 32 32 

190 230 39 34 280 34 10 

195 220 41 33 270 35 50 

205 200 45 42 250 39 21 

210 190 47 52 240 .t1 11 

215 230 43 4 

220 220 45 () 

225 210 46 58 



08 
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Table 5-19b-(USC) Rise, Run, and Angle Relationships for Stairways 

2R + r = 24 in. ZR +r= 26 in. 

Heig,bt of Rise Width of Run Angle Widtb ofR~m Angle 
in. w. io. 
R r Degrees Minutes r Degrees Minutes 

51 h. lJl /2 21 39 

slh_ 13 22 59 15 20 13 

53/4 12 1 1~ 24 23 ~~~ ~2 21 24 

6 12 25 49 14 22 37 

61/4 JJlh 27 19 J31h 23 53 

61 /~ I I 30 31 13 26 34 

63/4 L01/1 32 12 12112 27 59 

7 10 35 45 12 30 58 

71 /4 91/2 37 38 Jllh 32 32 

7111 9 39 34 11 34 LO 

73/4 81/2 4J 33 JQl /2 35 50 

8 8 ~5 42 10 39 21 

&1/4 71h 47 52 9111 41 I I 

g lj2 9 43 4 

8% 8Jh 45 0 

9 8 46 58 

5.9.3.2 When the stiffening rings are located more than 0.6 m (2ft) below the top ofthe shell, the tank shall be provided with a 
65 ~ 65 x 6 nun (2'12 )< 2112 x 3/16 in.) top otrrb angle for sbeUs 5 m.m (3/16 in.) thick, with a 75 K 75 x 6 tum (3 x 3 x 1/4 iu.) a11gle 
for shells more than 5 mnt (3/16 in.) thick, or with othet members of equivalent section modulus. 

• 5.9.3.3 Rings that may trap liquid shall be provided with adequate drain holes. Uninsu.lated tanks having rings shall have small 
water-shedding slopes and/or drain holes or slots unless U1e Purchaser approves an alternate means of drainage. Jf drain holes are 
provideci they shall be at least 25 mm (lin.) diameter (or slot width) on 2400 mm (8 ft) centers or Jess. Insulated tanks where 01e 
rings Juncti011 as insulation clostrres shall have no drain holes or slots. 

5.9.3.4 Welds joi.u.iog stiffening rings to the tank shell may cross vertical tank seam welds. Any splice weld in t11e ring shall be 
located a minimum of 150 rom {6 in.) fiom any vmtical shell weld. Stiffening rings may also cross vertical tank seam welds witl1 
the use of coping (rat hole) of the sti ffenlJ1g ring at the ve1tical tank seam. Where the coping method is tt5ed. U1e required section 
modulus of the stiffening ring and weld spac..-ing must be maintained. 

5.9.4 Stiffening Rings as Walkways 

A stiffening ring or any po1tion of it that is specified as a walkway shall have a width not less than 710 rnm (28 in.) clear of pro
jections including t.he angle on the top of the tank shelJ. The clearance around local projections shall not be less than 610 mm 
(24 in.). Unless U1e tank is covered with a tixed roof. the stiffening 1ing (used as a walkway) shall be located 1 100 mm (42 in.} 
below the top of the c1u'b angle and shall be provided with a standaJ'<i railing on the lmprotected side and at the ends of the section 
used as a waiJ.;way. 

5.9.5 Supports for Stiffening Rings 

S11pp01ts shall be provided for all stiffening rings when the dimension of the horizontal leg or web exceeds 16 times the leg or 
web thickness. ll1e supports shall be spaced at the intervals required for the dead load fUld vet1icallive load; however. ti1e spacing 
shall not exceed 24 times the width oftbe outside compression flange. 

5.9.6 Top Wind Girder 

5.9.6.1 The required minimum section mod11lus of the stiffening ring shall be detetmined by the Jollowing equation: 
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Shell 

2" 

Notes: I 
I 1. Lug material shall be austenitic stainless 

steel when attached Ia carbon or low alloy 
steel parts. When attached to other 
materials, lug material shall be similar to th~ 
material to which attached. 

2. See tank drawing/data sheet for elevation 
and orientation. 

--Ep-
3. Drawing courtesy of PIP (Process Industry 

Practices). 

Insulation 
(if required) 

Figure 5-23-Grounding Lug 

Tn STuni1s: 

where 

Z = required mini.Imm1 section modulus (cm3), 
D = nontinaltank diameter (m), 

1/4'' thick. 
See Note 1 

5-63 

---~ 
N 

Radius comers 

I' DO NOT PAINT t 
[SI units omitted for clan\y] 

H2 = height of the tank shell (m), including any f:i·eeboard provided above the ma.xiJmuu filling height as a guide for a 
floating roof, 

V = design wind speed (3-sec gust) (kmlll) (see 5.2. 1 [k]). 

IJ1 US Customaty units: 

where 

Z = required minimum section modulus (in.3), 
D nominal tank diameter (ft), 

H2 = height of the tank slJeU (ft). including any fi·eeboard provided above the maximum filling height as a guide for a 
floating roof. 

07 

V = design wind speed (3-sec gust) (mph) (see 5.2.l[k:]). I 08 

• Note: For tank diatUeters over 60 m (200 fi). the section modulus required by the equation may be reduced by "Agreement betweeu tbe Purchaser 
and the Manufacturer, but the modulus may not be less than that-required for a tank diameter of6J Ol (200ft). (A description oftheloads on the I 08 
tank shell that are included in the design wind speed can be fmwd in ltem a ofthe note to 5.9.7.1.) 
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~Smm ll"l 

t'WlZZZZL~ T 
16t 

~ 
T 

16t 

_! 
Detail a Detail b 

-l 
16t 

Detai l c 
~t 

16t 

~ 

T 
16t 

~sssss:c:;zzzz~_l 
Deti!ild 

T 
16t 

'_l 
65 m m (21/l") ,. · I 

'77'7771 

150mm(6") T 
16t 

r6mm (W') _L 
I '// // 

t T b 
16t 

Detalle _l 
t - 1-

J I Note: The section moduli given In Tables 5-20a and 5-20b for Details c and dare based on the 
longer leg being located honzontally (perpendicular to the shell) when angles with uneven legs 

08 are used. 

09 Figure 5-24- Typical Stiffening-Ring Sections for Tank Shells (See Tables 5-20a and 5-20b) 
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Table 5-20a-(SI) Section Moduli (cm3) of Stiffening-Ring Sections on Tank Shells 
08 

CoiUlllD 1 Column2 CollllllJl 3 Column4 Column 5 Colll.lllll6 

Member Size As-Built SbeU Thickness (mm) 09 

mm 5 6 8 10 11 

Top Angle: Figure 5-24, Detail a 

65 x65 x 6 6.58 6.77 
65 X 65 X 8 8.46 8.63 
75x75x10 l3.82 13.97 

Curb Angle: fjgure 5-24, Detail b 

65 .X 65 X 6 27.03 28.16 
65 X 65 X 8 33.05 34.67 
75X75X6 35.98 37.49 
75X7Sxl0 47,24 53.84 
lOOx lOO x 7 63.80 74.68 
lOOx 100 x 10 71.09 87.69 

One Angle: Fisrure 5-24, Detail c (See Note) 

65 x 65 x 6 28.09 29.15 30.73 32.04 32.69 
65 X 65 X 8 34.63 36.20 38.51 ~0.32 41.17 
100X75X7 60.59 63.21 66.88 69.48 70.59 
102x7Sx8 66.97 70.08 74A9 77.60 78.90 
125x75x8 89.41 93.71 99.86 104.08 105.78 08 

125 X 75 X 10 105.20 110.77 118.97 12<J.68 126.97 
l 50x 75 x 10 134.14 141.38 152.24 159.79 162.78 
150 xl00x 'IO 155.91 171.17 184.11 193.08 196.62. 

Two Angles: Figwe 5-24. Detail d (See Note) 

IOO x75x8 181.22 186.49 19:'i. 15 201.83 204·.62 
100X75xl0 216.81 223.37 234.55 243.41 247.16 
125x75x8 249.17 256.84 269.59 279.39 283.45 
125 x75 x 10 298.77 308.17 324.40 337.32 34277 
l50 x75x8 324.97 335.45 353.12 366.82 372.48 
lSOx 75 X 10 390.24 402.92 425.H <J43,06 450.61 
150x 100 x 10 461.11 473.57 .. 95.62 513.69 521.41 

Fonned Plate: Figure 5-24, Detail e 

b -= 250 341 375 392 399 
b = 300 427 473 496 505 
b-= 350 519 577 606 618 
b=400 615 687 723 737 
b=450 717 802 846 864 
b = 500 824 923 976 996 
b = 550 937 1049 1111 1135 
b = 600 1054 1181 1252 1280 
b=650 1176 1317 1399 1432 
b=700 1304 1459 1551 1589 
b = 750 1436 1607 1709 1752 
b=800 1573 1759 1873 1921 
b= 850 1716 1917 2043 2096 
b=900 1864 2080 2218 2276 
b=950 2016 2248 2398 2463 
b= 1000 2174 2421 2584 2654 

Note: The section moduli for Details c aud dare based on the longer leg being located horizoolally (perpendicular to tl1e sbeU) wheu angles with 
uneven legs are used. 
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Table 5-20b-(USC) Section Moduli (in.~) of Stiffening-Ring Sections on Tank Shells 
08 

Cohunn I Column 2 Col= 3 Column4 Column 5 Column 6 

09 Member Size As-Bnilt Sheil Thickness (in.) 

1Il. 3ft6 1f4 5116 3fs 7h6 
Top Angle: Figure 5-24. Detail a 

2l/1x2lhx t;4 0.41 0.42 - - -
21/2 X 21/2 X 5/16 0.51 0.52 - - -
3 X 3 X 3/ 8 0.89 0.91 - - -

Curb Angle: Figure 5-24. Detail b 

21/2 X 21/2 X 1/4 1.61 1.72 - - -

21/2x21/2x/16 1.89 2.0-4 - - -
3 X 3 X 1/4 2.32 2.-18 - - -

3x3x3Jg 2.78 3.35 - - -
4 x 4xlt4 3.64 4.41 - - -
4 X 4 X 3/g 4.17 5.82 - - -

One Angle: Figure 5-24, Detail c (See Note) 

2112 x11/2 x l f4 1.68 1.79 1.87 1.93 2.00 
21hx 2lhxs;,6 1.98 2.13 2.23 2.32 2.40 

4 X 3 X 1/4 3.50 3.73 3.89 4.00 4.10 
4 X 3 X 5/ 16 4.14 4.45 4.66 4.82 4.95 

5x3>< 51t6 5.53 5.96 6.25 6.47 6.64 
5x31/zx 5/ 16 6.13 6.60 6.92 7.16 7.35 
S >< )1/2 X J/g 7.02 7.61 8.03 8.33 8.58 

08 6x 4 x 3/8 9.02 10.56 11.15 11.59 11.93 

Two Angles: f'igurc 5-24, Detail d (See Note) 

4 X 3 X 5/t6 \1,27 11.78 12.20 12.53 12.81 
4 X 3 X 3/8 13.06 13.67 14.18 14.60 14.95 

5 x 3x 5/t6 15.48 16.23 16.84 17.34 17.74 

5 x 3x 31s 18.00 \8.89 19.64 20.26 20.77 

5x3 1/2 x 51,6 16.95 17.70 18.31 18.82 19.23 
5 x31/2 x 3f8 19.75 20.63 21.39 22.01 22.54 
6 x 4x 31s 27.7-4 28.92 29.95 30.82 31.55 

Formed Plate: Figure 5-24, Detail e 

b = 10 - 23.29 24.63 25.61 26.34 

b= 12 - 29.27 31.07 32.36 33.33 

b = 14 - 35.49 37.88 39.53 40.78 
b= 16 - -42.06 -15.07 47.10 48.67 

b = 18 - 48.97 52.62 55.07 56.99 

b=20 - 56.21 60.52 63.43 65.73 
b= 22 - 63.80 68.78 72.18 74.89 
b=24 - 71.72 77.39 81.30 84.45 

b=26 - 79.99 86.35 90.79 94.41 

b =28 - 88.58 95.66 100.65 104.77 

b =30 - 97.52 105.31 110.88 ll5.52 
b=32 - 106.78 11 5.30 121.47 126.66 
b: J4 - ll6.39 125.64 132.42 138.17 

b = 36 - 126.33 136.32 143,73 150.Q7 

b=38 - 136.60 147.35 155.40 162.34 

b = 40 - 147.21 158.71 167.42 174.99 

Note: The sectiOLllllOduli for Details c and dare based on tbe longer leg being located horizontally (perpendicular to the shell) when angles with 
uneven legs are used 
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5.9.6.2 The section modulus of ilie stiffeuing 1ing shall be based on the propexties of the applied members and may include a 
portion ofU1e tank shell for a distance of 16t below and, if applicable, above the shell-ring attachment where I is the as-built shell I 
thickness. 1.mless otbe1wise spec;lied. When curb angles are attached to the top edge of the shell ring by butt-welding, thjs dis- 09 

tance shall be reduced by the widU1 of the vertical leg of the angle (see Figure .5-24 and Tables 5-20a and 5-20b). os 

5.9.6.3 When a stair opening is installed tlu-ougb a stiffe11ing ring, the section modulus of the portion of the TU1g outside t11e 
opening. including the transition section, shall conform to the requirements of 5,9.6.1. The shell adjacent to the opening shaU be 
stiffened with an angle or a bar, the wide side of which is placed in a ho1izontal plane. The other sides of lhe opening shall also be 
stiffened with an angle or a bar, tlle wide side of which is placed in a veliical plane. ·n1e cross-sectional area of these rim stiffeners 
shall be greater than or equal to the cross-sectional area of the portion of shelJ included in the section-modulus calculations for tlle 
stiffening dng. These rim stiffeners or additional members shall pmvide a suitable toe board arot:U1d the openu1g. 
The sli:ffening members shall extend beyond the end of tl1e opening for a distance greater than or equal to the minimum depth of 
the regular ring sections. The end stiffening meJ:nbers shall frame into the side stiffening members. and 01e end and side stiffening 
membe~-s sbalJ be connected to ensw·e that ilieir fuU strength is developed. Figure 5-25 shows the opening described in this sec
tion. Alternative details tl1at provide a load-canyiug capacity equal to that of llie girder c••oss-section away fi·om the opening may 
be providecl 

s---
Bar c 

---- - - ----- -

---- - - - ---- -
------ ------

c 

Up 

Notes: 
1. The cross-sectional area of a, c, d, and e must equal 3212. The section of the figure designated •a· rnay be a bar 

or an angle whose Wide leg is horizontal. The other sectrons may be bars or angles whose Wide legs are vertical. 
2. Bars c. d, and e may be placed on the top of the glrder web, provided they do not create a trtpping hazard. 
3. The section modulus of Sections A-A, B-8, C-C. and D-D shall conform to 5.9.6.1. 
4. The stairway may be continuous through the wind girder or may be offset to provide a landing. 
5. See 5.9.6.3 for toeboard requirements. 

Figure 5-25-Stairway Opening through Stiffening Ring 

09 
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5.9.7 Intermediate Wind Girders 

5.9.7 .1 The maximum height of the unstiffened sheiJ shall be calculated as follows: 

fn Sl 1miis: 

where 

D 

f0Y ( 1901
1 

H, = 9.471 ~\n) vJ 

ve1tical distance. inm, between the intermediate wind girder and the top angle of the shell or the top wind girder of 
an open-top tank. 

nominalthick.·uess, m1less othe1wise specilied. ofthe thinnest shell course (mm) (see Note I ). 

nominal tank diameter (m), 

os I V = design wind speed (3-sec gust) (kJn/h) (see 5.2.l[k]). 

In US Customary units: 

where 

f(r\3(1201 ~ 
H, = 6oo.ooot ~\vJ vJ 

H 1 ve1tical distance, in ft., bet\·Vetln the intermediate wind girder and the top angle of U1e shell or the top wind girder of 
an open-top tank. 

ut• 1 = nominal 'thickness, unless othetwise specified, of the thinnest shell course (in.) (see Note l ), 

D = nominal t:mk diameter (ft), 

08 I J1 = design wind speed (3-sec gust)(mph)(sce 5.2.1 [k)). 

Note 1: 11le stnte11Q<ll stability check of wind girder ~"tilfened shells in accordance "'ilh 5.9.6 and 5.9. 7, shall be based upon nominal dimensions 
of the shell course and tl1e wind girders irrespective of specified corrosion allowances whenever the "No" option is selected for ·'Check Buck
ling 1n Con'Oded Cond. ?'' on the Data Sheet Line 9. Whenever 1l1e ''Yes" option is selected, the check must be based upon the nominal dimen· 
sions mi.uns the specified corrosion allowance. 

Note 2: 1b.is formula is intended to cover tanks 'vvith either open t·ops or closed tops and is based on the following factors (for the baclq;rouud for 
the factors given in this oote, see ASCE 7 and R.. V. McGrath's '·Stability of API Standard 650 Tank Shells"'): 19 

a. The velocity pressUJe is: 

where 

p = 0.00256K= K::1 Kd 1f2 1 G = 1.48 k.Pa (3 1 lbflftl) 

K- = velocity pressure exposw-e coefficient= 1.04 for exposure Cat a height of 40 ft., 

K=1 = 1.0 for aU structures except tllose on isolated hills or escarpments, 

Kd = directionality factor = 0.95 for rotmd tanks. 

os 1 V = 3-second gust design wind speed= 190 km/h ( 120 mph) at 10m (33 Jl) above ground (see 5.2. 1 [k]). 

1 = i.mpOJtance factor -; 1.0 for Category Ll stntctures, 

G = gt1st factor = 0.85 for exposure C. 

A 0.2.4 kPa (5 lbflf12) internal WICntutl is added for inward drag on open-top tanks or for external pressure on closed top tanks for a total of 

1.72 kPa (36lbf/f12), 

19R.V. McGrath, "St11bility of APl Standard 650 Tank Shells," Proceedings of the A.mc:rican Petroleum Institute, Se,·tion W- ReJining, Ameri
can Petroleum Institute. New York 1963, Vol. 43, pp. 458- 469. 
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b. 'The wind pressure is unifonn over t11e theoretical buckling mode oflhe tank sheU, which eliminates the need for a shape factor for tbe \vind 
londing. 
c. The modified U.S. Model Basin tonnnla for the critical uuiform extemal pressure on thin-wall tubes free from end loadings. subject to the 
total pressure speciiied in hem ~. 

• d. Wben other factors are specified by the Pm·chaser tbal are greater than the factors in Items a- c, tbe total load on the slleU shall be modified 
accordingly. aud fl, sball be decreased by the ratio of l. 72 ki>a (36lbl7ft2) to tbe modified total pressure. 

5.9.7.2 After the maximwn height of the unstiffened shelL Hh has been detemtined. the height of the transfmmed shell shall be 
calculnted as foiJows: 

a. With the following equation. change the actual width of each shell cow·se into a transposed width of each shell course having 
the top shellthicl\ness: 

wbeJ'e 

W1,. transposed width of each shell coW"Se.mm (in.). 

IV = actual width of each shell cout'Se, mm (in.), 

• fwtifonn nominal thickness. unless otherwise specified, oftbe thinnest shell cow'Se. nun (in.). 

• nominal thickJ1ess. tmless otberwjse specified. of the shell course for which tho transposed width is being calcu
lated, mm (in.). 

b. Add the transposed widths of the cow·ses. The sum of the tnmspo~ed "'~dlhs of the cow-ses will give tbe height of the trans
formed shell. 

5.9.7 .3 If the height of the transfotrued shell is greater than the maximum height f/t , an inteJDlectiate wind girder1s required. 

5.9.7.3.1 Por equal stability above and below the intetmediate wind girder. the girder should be located at U1e ruid-height of the I 
07 transfonned shell. The location of the girder on the actual shell should be at the san1e course -and same relative position as the 

location of the girder on the transformed shell, using U1e thickness relationship in 5.9. 7.2. 

5.9 .7.3.2 Other locations for t11e girder may be used. provided the height of unstiffened shell onlhe t:ransf01med shell does not 
exceed H1 (see 5.9.7.5). 

5.9.7 .4 If half lhe height of the transf01med shell exceeds the ma-..:imum height H1, a second intetmediate girder shall be used to 
reduce the height ofunstiffened shell to a height less than the maximum. 

5.9.7.5 Intermediate wind girders shall not be attached to the shell within 150 mm (6 in.) of a horizontal joint oftlte shell. 
When the preliminary location of a girder is within 150 mm (6 in.) of a horizontal joint, the girder shall preferably be located 
150 nun (6 in.) below the joint however, the maxjmwn unsriffened sbeU height shall not be exceeded. 

5.9.7.6 Tite required minim tun section modulus of an intermediate wind girder shall be detennined by the following equation: 

il1 SJ wuts: 

where 

Z = required minimtml section modulus (cm3), 

D nominal tank diameter (m), 

H, veJtical distance (tn). between the intermediate wind girder and the top angle of the shell or the top wind girder of an 
open-top tank, 

V = design wind speed (3-sec gust) (km/h) (see 5.2.l[k]). 1 os 
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fu US Customary w1its: 

where 

Z = required mitlimum section modulus (in,3), 

D =- nominal tank diamder (It). 

R1 = vertical distance (ft). between the intennediate wind girder and the top angle of the shell or the top wind girder of an 
open-top tank, 

os f V = design wind speed {3-sec gust)(mph)(see 5.2.1 fkJ). 

Note: A description of the loads on the tank shell that are included in the design wind speed can be fO\Uld in Item a of1he note to 5. 9. 7 .1. 

5.9.7.6.1 Where the use of a lransfonned shell permits the intetmedlate wind gil'der to be located at a height that is less than H1 
calculated by the formula in 5.9. 7.1, the spacing to the mid-height of the transfonned shell. transposed to the height of the acntal 
shell. may be substituted for Ht in the calculation foJ· the minimum section modulus ihhe git·der is attached at the transposed 
location. 

5.9.7.6.2 The section modulus of the intermediate wind girder shall be based on the propet'ties of U1e attached members and 
may include a portion of the tank shell for a distance above and below the attachment to the shell, u1 mm (in.), of: 

1n Sl units: 

13.4 (Dt)0·5 

where 

D = nominal tank dimncter (m), 

1 = as-built shell thickness, unless otherwise specified. at the attachment (mm). 

09 ln US Customary units: 

07 

1.47 (Dt)05 

where 

D = nominal tank diameter (ft), 

l = as-built shell thickness, unJess otherwise specified, at !l1e attachment (in.). 

• 5.9.7.7 Au opening for a staiiway in an iJJiennediate stiffener is unnecessary when the intetmediate stiffener extends no more 
than 150 nuu (6 in.) from the outside of the shell and the nominal stainvay width is at least 7 10 trun (28 in.). For greater outward 
extensions of a stiffener, the stairway shall be increased in width to provide a minimum clearance of 450 mro ( I 8 in.) between the 
outside of the stiffener and the handrai I of the stairway. subject to the Purchaser's approval. lf an opening is necessary. it may be 
designed in a manner sin1il.u· to that specified in 5.9.6.3 for a top wind girder with the exception that only a 560 mm (22 in.) width 
through the stiffener need be provided. 

5.10 ROOFS 

5.10.1 Definitions 

07 1 The fol lowing defmitioos apply to roof designs but shall not be considered as limiting the type of roof pennjtted by 5.10.2.8. 

a. A supported cone roof is a rooffmmed to approximately thes\n-face of a right cone that is supported principally either by raf
ters on girders and colwuns or by rafters on L111sses with or without columns. 
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b. A self-suppor1i.ng cone roof is a roof fo1med to approximately the smface of a 1ight cone that is suppot1ed only at its periphery. 

c. A self-supporting dome roof is a 1·oof fo1med to approximately a spherical stu·face that is suppot1ed only at its periphety. 

d. A self-supporting umbrella roof is a modified dome roof fom1ed so that any horizontal section is a regula1· polygon with as 
many sides as there are roof plates that is supported only at its peripbety. 

5.1 0.2 General 

5.10.2.1 Lo(l(/s: All roofs and suppotting structures shall be designed for load combinations (a), (b), (c), (e), (t) and (g) of J os 
Appendix R. 

• 5.10.2.2 Roof P /JIIe Tllickuess: Roof plates shall have a nominaltb.ickness of not less than 5 mm (3/16 in.) or 7-gauge sheet. 
fucreased thickness may be required for snpported ~,;one roofs (see 5.10.4.4). Any required corrosion allowance for tbe plates 
of self-supporting I'Oofs sbaU be added to the calculated thickness unless otherwise specitied by the Purchaser. Any corrosion 
allowance for the plates of suppot1ed roofs shall be added to tbe greater of the calculated thickness or the minimum thickness U 
or [5 mm (3116 jr1.) or 7-gauge sheetj. For frangible roof tanks. where a corrosion allowance is specified. the design must bave 
frangible characteristics in the nominal (trncorroded) condition. 

5.1 0.2.3 Structural Member Attachment: Roof plates of suppo11ed cone roofs shall not be attached to the supporting members 08 

unless otherwise approved by the Purchaser. Continuously attaching the roofto cone supporting members may be beneficial when 
interior lining systems are tequired. however, the tank roof cannot be COJisidered ftangible (see 5.1 0.2.6). 

• 5.1 0.2.4 Structu ral Member Thickuess: All intemal and extemal stmctmal members shall have a minimum nominal thick-
ness (new) of 4.3 nnn (0.17 in.), and a m.i.o.i.ruum CO!l'oded thickness of2.4 rum (0.094 i.n.), respectively, in any component, excepl 11 

that the minimtun nomjnal thickness shall not be less than 6 m.u1 (0.236 in.) for columns which by design normally resist a"<ial 
compressive forces. 

5.1 0.2.5 Top Att11cflment: Roof plales shall be attached LO the £op angle of the tank with a continuous fillet weld on 1he rop 08 
side. 

• 5.10.2.6 Fmngihle Roof: A roof is considered frangible (see 5.8.5 for emergency venting requirement) if the roof-to-shell 
joiut will fail prior to the shell-to-bottom joint in the event of excessive intemnl pressure. When a Purchaser specifies a tank witl1 
a frangible roof, the lank design shall comply with a b, c, or d, of the following: 

a. For tanks 15m (50ft) in diameter or greater. the tank shall meet all of the fo1lowing: 

l. The slope of the roof at the top angl~ allacbment does not exceed 2: 12. 

2. The J'Oof S1lpport members shaU not be attached to Q1e roof plate. 

3. The mof is attnched to the top angle with a single continuous fll lel weld on the top side (only) that does not exceedS mm 
(3/ t6 in.). No unders.ide welding ofroofto top angle (including seal welding) is petmitted. 

4. The roof-to-LOp angle compression ring is limited to details a- e in Figure F-2. 

5. All members in the region of the roof-to-shell joinL i11cluding insulation rings, are considered as contributing to tJie roof-to
shell joint cross-sectional area (A) and tJus area is Jess U1an the limit shown below: 

A= DL., 
2 n Fy tane 

Notes: The lenns for this equation are defmed iu AppendLx F. 

The lop :wgle size required by 5.1 ,5.9.e roay be reduced in size if required to meet the cross sectional area limit. 

b. for self-anchored tanks with a diameter greater than or equal to 9 m (30 :ft) but less than 15m (50 ft), the tank shall meet all of 
the following: 

11 

08 
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I. The tank height is 9 ru (30 fl) or greater. 

2. The tank shall meet the requirements of 5. J 0.2.6.a.2-5 

3. The slope of the roof at U1e top angle attachment docs not exceed 3f4:12. 

4. Attachments (including uozzles and manholes) to the lank shall be desigued to accommodate at least 100 mm (4 in.) of ver
tical shell movement \Mthout ruphlre. 

5. TI1c bottom is butt-welded. 

c. Altemately, for self-anchoreu tanks less than 15m (50ft) diameter. the tank shall meet all of the following: 

I. TI1e tank shall meet the requirements of 5.l0.2.6.a.l-5 

08 2. An elastic analysis20 shall be perfonued to confim1 lhe shell to bottom joint strength is a[ least 1.5 times the top joint 
strength witb tbe tank empty and 2.5 times tbe top joint strength with the tank full. 

3. Attaclm1ents (including nozzles and manholes) to the tank shall be designed to accommodate at least 100 mm (4 in.) ofver
lical shell movement without rupture. 

4. The bottom is butt-welded. 

d. ror <mchored tanks of any diameter, !be tank shall meet the requirements of 5.1 0.2.6.a and tl1e anchorage and cotmtetweight 
shall be designed for 3 times the failure pressure calculated by F.6 as specified in 5.12. 

• 5.1 0.2.7 Stiffeners: For all types of roofs, tbe plates may be stiffened by sections welded to the plates. Refer to 5.10.2.3 for 
requirements for supported cone roofs. 

• 5.10.2.8 Altemnte Desigus: These rules crumot cove.r all details of tank roof design and construction . With tbe approval of 
the Purchaser, the roof need not comply with 5.10.4, 5.1 0.5, 5.1 0.6, and 5.1 0. 7. The Manufach1rer shall provide a roof 
designed and constructed to be as safe as otherwise provided for in this Standard. In the roof design, particular attention should 
be given to preventingfaihu·e through instability. 

ll 

5.1 0.2.9 Lateral Loads 011 Columns: When the Plu·chaser specifies lateral loads that will be imposed on the roof-suppmti.ng 
columns. the columns must be proportioned to meet the requirements for combined axial compression and bending as speci
fied in 5.10.3. 

5.10.3 Allowable Stresses 

• 5.10.3.1 General 

TI1e allowable strength of roof components shall be detennined in accordance with the ANSI/ A ISC 360 using allowable strength 
design meU1odology (ASD). 

5.1 0.3.2 DELETED 

5.10.3.3 Maximum Slenderness Ratios 

For column$. the value Lire shall not exceed 180. For otl1er compression members. the value Llr shall rrot exceed 200. For all 
oU1er members. except tie rods whose design is based on tensile force. the value L/1• shall not exceed 300. 

l OA frangible roof satisfies the emergency venting Te(luireruent for tanks exposed to fire outside the tank. See AP12000. Frangible roofs are not 
intended to 1lrovide emergency venting for other cirCUillstances such as a Hre inside the tauk, utility failures, chemical renctions, or overfill. See 
API Publication 937 and APIPtlblicatiou937-A. 



VVEWED TANKS FOR OIL STORAGE 

where 

L = ~mbracedlength, mm (in.), 

rc = least ~adius of gyration of column, mm (in.), 

r = goveming radius of gyration, mm (in.). 

5.10.3.4 DELETED 

5.10.4 Supported Cone Roofs 

5-73 

• 5.1 0.4 .1 The slope of the roof s11all be 1: l6 or greater if specified by the Purchaser. lithe t-afters are set diJectly on chord gird· I07 
ers. producing sligl1tly varying rafter slopes. the slope of the flattest rafter shall confmm to the speci£ed or ordered roof slope. 

5.1 0.4.2 Main supporting members, including tJ1ose supporting the rallers, may be rolled or fabricated sections or uusses. 
Although tbese members may be in contact witJ1 tbe roof plates, the compressi<ln 11ange of a member or the top chord of a truss 
shall be considered as receiving no lateral support from tbe roof plates :md sball be laterally braced. if necessary. by other accept-
able methods. The allowable stresses in these members shall be govemed by 5.1 0.3. 

5.1 0.4 .3 Structural members serving as rafters may be rolled or fabricated sections but in all cases shall c<lnf01m to the rules of 
5. l 0.2, 5.10.3. ::md 5.10.4. Rafters shall be designed for the dead load of the rafters and roof plates with tJ1e compression Oange of 
the tafter considered as receiving no lateral support fi·om the roof plates and shall be laterally braced if necessary (see 5.1 0.4.2). 
When considering additional dead loads or live loads. the rafters .in direct contact with the roof plates applying the loading to the 
rafters may be considered as receiving adequate lateral suppmt from the fiiction between IJle roof plates and the compression 
flanges of the rafters. with the following exceptions: 

a. Tmsses and open-web joints 11sed as rafters. 
h. Rflfte.rs with a nominal depth greater than 3 75 mm (15 in.). 

c. Rafters with a slope greater than I:(). 

• 5.1 0.4.4 Rafters shall be spaced to satisfY: 

• 

where 

I 

b =I( 1.5 Fy/ p)1 -52 l 00 mm (84 in.) 

b = maximum allowable t·oofplale span, measured ciroumferentially from center-to-center of rafters. 

F)· = specified minimum yield strength of roof plate, 

t = con"Oded roof thickness, 

p = tuliform pressure as determined fi·omload combinations desctibed in Appendix R. 

5.1 0.4.5 Roof columns shall be made from either pipeot· slluctm-al shapes as selected on IJ1e Data Sheet, Line 11. Pipe colurm1s 
shall either be sealed or have openings on both the top and bottom of the column. 

5.1 0.4.6 Rafter clips for the outer row of rafters shall be welded to ilie tank shell. 

5.1 0.4. 7 Roof suppo!t columns shall be pt"Ovided at their bases with. details that provide for IJ1e following: 

a. Locrd Distributio11: Colwnn loads shall be distributed ovel' a bearing area based on the specified soil bearing capacity or fotm
dation design. Where an 1mstiffened h01'izontal plate is desig11ed to distnoute tJ1e load, it shall have a nominal thickness of not less 
than 12 nun (1 h in.). Altematively, the column load may be distributed by an assembly of structural beams. The plate or members 
shall be designed to distribute the load without exceeding allowable stresses prescribed iu 5.10.3.1. 

b. COJmsioll and Abrasion Protection: At each column a wear plate with a nbmi:nal thickness of not less th::m 6mm ( lJ4 in.) shall 
be welded to the tank bottoru with a 6 mm (1/4 in.) minimmn fillet weld. A single adequate thickness plate may be designed for 
the dual f1mctions of load distribution and cotrosion!abrasion protection. 

c. Vertical Movement: The design shall allow the columns to move vet1ically relative to the tank bottom without restraint in the 
event of tank overpressure or bottom settlement. 

OS 

11 

11 
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d. Lateral Movement: The columns shall be effectively guided at their bases to prevent lateral movement. TI1e guides shall 
remain e1fective in the event of vet1ical movement of columns relative to tank bottom of up to 75 mm (3 in.). 1l1e guides shall be 
located such that they are not welded directly to the tank bottom plates. 

5.1 0.4.8 Three acceptable anangements to provide tbe li.mctions required by 5.10.4. 7 are illustrated in Figute 5-26. 

5.1 0.4.9 For Appendix F tanks, wheJJ suppot1ing members are attached to the roof plate. consideration shall be given to the 
design of the suppotting members and their attachment details when considering internal pressure. 

I 5.1 0.4.1 0 Center colwmts shall be desigued for both the balanced snow Load and unbalanced sum.v load . .Intetmediate columns 
09 l)eed only be designed for the balanced snow load. 

• 5.10.5 Self-Supporting Cone Roofs 

Note: Self-supporting roofs whose roof plates are stiffened by sections welded to the plates need oot conform to the minimum thickness requlre
H 1 ments, b1tt the nominal thid.11ess of the roofplntes shall oot be Jess thau 4.8 mru (31j6 i.o.) when so designed by the Maunfact1.U"eT, subjectto the 

approval oftb.e Purchaser. 

ll 

11 

5.1 0.5.1 Self-supporrir1g cone roofs shall conform to the following requirements: 

e $ 37 degrees (slope = 9:J2) 

e;:: 9.5 degrees (slope=2:12) 

ln SJ Wlits: 

where 

Nominal thickness shall not be less than the greatest of 
4 8~ e [T + CA. 

5 5~ n {U + CA, and 5 mm 
. sm ~22 . smu~U 

Con·oded thickness shall not· be more than 13 mm 

D == nominal diameter of the tank (m), 

T = greater of Appendix R load combinations (e)(l) and (eX2) witl1 balanced snow load Sb (kPa), 

U = greater of Appendix R load combinations (e)(l) and (e)(2) with w1balanced snow load S11 (k Pn), 

e = angle of cone elements to tbe horizontal ( deg), 

CA = co1msion allowance. 

1n US Customary units: 

f D jfs+CA D jfs+CA d J ' . Nominal lhickness shall not be less Ulan the greatest o . OO . e - · , 
460 

. e - . an v t6 111 . 
4 sm 45 sm 45 

Con·oded thickness shall not be more than 1 h in. 

where 

D = nominal diameter of the tank shell (ft). 

T = greater of Appendix R load combinations (e)(l) and(eX2) with balanced snow load Sb (lbf/ft.l}. 

U = greRter of Appendix R load combinations (eXl) and {e)(2) with lUlbalauced snow load S11 (lbti'ft2), 

e = angle of cone elements to the horizontal ( deg), 

CA = cotmsion aJlowance. 
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WELDED TANKS FOR OIL STORAGE 
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Figure 5-26-Some Acceptable Column Base Details 
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5.10.5.2 The participating area at the roof-to-sbelljoint shall be detemtined using Figure F-2 and the nominal materialth.ick
ness less any corrosion allowance shall equal or exceed tile following: 

where 

pD2 

8F., tane 

p = greater ofload combinations (eX 1) and ( e)(2) of Appendix R. 

D = nominal diameter of the tank shell, 

0 = angle of cone elements to the horizontal, 

F0 = the least allowable tensile sb·ess for the mate1ials in tbe roof-to-shell joint detem1ined in accordance with 5.10.3.1. 

• 5.1 0.6 Self-Supporting Dome and Umbrella Roofs 

Note: Self-supporting roofs whose roof plates are stiffened by sections welded to the plates need not coufonn to the mininmm thickuess require· 
osl ments, but the thicJ..·ness oftlu~ roof plates sball not be less than 4.8 mm (3/ 16 in.) when so designed by l'be Manufacntrer, subject to the approval 

of the Pu.t:chaser. 

11 

09 

l1 

5.1 0.6.1 Self-suppOJting dome and LU11brella roofs shall confonn to the following requirements: 

Minimum rndius = 0.8D (unless othe1wise specified by the Purchaser) 

Maximtun radius = 1.2D 

tn SI units: 

/' it" I' Jfz Nominal thickness shall not be less than U1e greatest of., '
4
' - + CA, 

2 
r
7 

- + CA, and 5 mm 
... 2.2 . 2.2 

Conoded U1ickness shall not be more than 13 mm 

where 

D = nominal dian1eter of the tank shell (m), 

T = greater of Appendi"< R load combinations (e)(l) ru1d (eX2) with balanced snow load Sb (kPa), 

U = greater of Appendix R load combinations (eXl) and (eX2) with tmbalanced snow load 811 (kPa), 

r,. = roof radius (m). 

In US C'ustoma1y units: 

. . f r, {T c r,. ru c 3( . Nommaltluckness shall not be less than the greatest o· 200~45 + A, 230~45 + A 16 Ill. 

Conoded thickness shall not be more than 1;2 in. 

where 

D = uoJUiual diameter of the tank shell (ft). 

T = greater of Appendix R load combinations (e)(l) and (eX2) with balanced snow load Sb (lbf/ft2), 

U = greater of Appendix R load combinations (e)( l ) and (e)(2) with unbalanced snow load S11 (lbfJft2), 

,.,. = roof radius (ft). 
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5.1 0.6.2 The pruticipating area at lbe roof-to-sheU joint determined using Figure F-2 and the nominal material thickness less 
any conosion allowance shall equal or exceed: 

where 

p = greater ofload combinations (e)(I) and (eX2) of Appendix R. 

D = nominal diamt-'ter of the tank shell, 

9 = angle of cone elements to the horizontal, 

F(l = the least allowable tensile stress for the matelials in the roof-to-sheU joint determined in accordance with 5.1 0.3. L 

5.10.7 Top-Angle Attachment for Self-Supporting Roofs 

Information ru1d ce11ain restrictions on types of top-ru1gle joints are provided in Item c of 5.1.5.9. Details of welding are provided 
in 7.2. 

5.11 WIND LOAD ON TANKS (OVERTURNING STABILITY) 

5.11 .1 Wind Pressure 

Ove1iw11ing stabil.ity shall be calculated using the wind pressures given in 5.2.1( k). 

5.11 .2 Unanchored Tanks 

Unanchored tanks shall satisfyboth of the following uplift cJiteria: 

1. 0.6M11 +Mp;<Mm) 1.5+MDI..R 

2. Mw + F1iMp;) < (MDL + MFY2 + i l4oLR 

where 

Fp = pressure combina1ion factor, see R.2. 

l'vlp; moment about the sbell-to-bottom joint from design internal pressw·e, 

Mw = ove1twning moment about the shdl-to-bottomjoint from horizontal plus vetiical wind pressure, 

MDL = moment about the shell-to-bottom joiut fi·om the non:Unal weight of the shell and roof structural supported by the 
shell that is not attached to roof plate. 

M.r.- = moment about the shell-to-bottom joint from liquid weight, 

;',;ILJLR = moment about the shell-to-bottom joint from the nominal weight of the roof plate plus any e1ttached stmctural. 

The liquid weight ( ~''L) is the weight of a band of liquid at the shell using a specific gravity of 0. 7 and a height of one-half the 
design liquid height H. lVL shall be the lesser o( 140.8 HD for SI Units (0.90 HD for USC units) or the following:. 

ln SI units: 

11•1 = 59thJFbyH (N/m) 

In US Customruy units 

09 
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where 

Fby = minim1m1 specified yield stress of the bottom plate under the shell MPa (1bf/in.2), 

09 H = design liquid height. m (ft). 

D = tank diameter, m (ft). 

tb = required corroded thickness of the bottom plate w1der the shell mm (in.) that is used to resist wind o\·ertuming. l11e 
u bottom plate shall have the following rest.Jict ions: 

09 

11 

ln SJ tmits: 

I. ll1e con-odcd U1ick.ness. t,. used to calculate II'L shall not exceed the first shell course corroded thickness less any 
shell con·osion allowance. 

2. When I he bottom plnte tmder the shell is thickel' due to wind overturning than the remainder ofthe tank bottom, 
the minimum pn~jection of the supplied thicker annular ring inside the tank wall, L. shaJJ be the greater of 
450 mru ( 18 in.) or L,. however. need not be more llum 0.035D. 

ln US Customary wlits 

Lb = 0.365thJFb/HS 0.035D ( tt) 

Wind uplift toad 

t 

Wind toad on shell~ 

H 

j Dead load r roof (DlR) 

I 
H/2 for ~mform } 

pressure on shell 

5.11 .3 Anchored Tanks 

L-----+----~---- Moments about 
shell to bottom Joint 

Dead load shell (DLs) 

~ 
Uqu1d hold down weight (w.) 

Figure 5-27-0vertuming Check for Unanchored Tanks 

When Ule requircmcnls of 5. 11 .2 cannot be satisfied. anchor the tank per the requirements of 5.12 
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5.11 .4 Sliding Friction 

Unless otherwise reqttired, tanks that may be subject to sliding due to v.rind shall use a maximum aHowable sliding friction of0.40 
multiplied by lheforce against the lank bottom. 

5.12 TANK ANCHORAGE 

5.12.1 When a tank is required to be anchored per 5.11, Appendix E, Appendix F, or when a tank is anchored for any other rea
son. the following minimum requirements shall be met. 

5.12.2 Anchorage shall be provided to resist each oftbe uplift load cases listed in Tables 5-2la and 5-2 lb. The lond per anchor I OS 

shall be: 

t"=UIN 

where 

th = load per anchor. 

U = net uplift load per Tables 5-21a and 5-21 b, 

N = number of anchoi·s (a minimum of 4 is required). I 
08 

07 

Table 5-21a-(SI) Uplift Loads 

Allowable Shell 
Allow-able Ancl1or Bolt Stress at Anchor 

Uplift Load Case Net Uplift Formula. U (N) Stress (MPa) Attaclunent (MJ>a) 

Design Pressure [(P - 0.081/r) X !Y X 785] - W1 JOS 140 
Test Pressnre ((PI- 0.08t11) X f)l. X 785) - W1 140 170 
Failure PreSsure• ((1.5 X Pr- 0.08111) X D-' x 785) - W3 F ,. F,r 
Windl.oad PwR X lY- X 785 + [4 X MwHID] - W2 0.8xF1• 170 09 

Seismic Load (4x M,,/D] - W2 (l - 0.4Av) 0.8x Fv 170 
Design Pres.•mreb + Wind [(0.4P + PwR- 0.08111) x JjL X 785] + (4 MWHID]- W1 140 170 
Design Pressure0 + Seismic [(0.4P -0.08th) X IY x785]+ [4MnJD] - Wt (I· 0.4.Av 0.8 xFv 170 
Frangibility Pressurec [(3 X P r- 0.08111) >< fY X 785]- W3 F,. F", 11 

where wl = dead load of shell minus any corrosion allowance and 
A,, = vertical earthquake acceleration coefficient, o/o g :my dead load other than roof plate acting on the shell 
D = tao]( dian1eter in (Ill) minus any corrosion allowance {N) 

Fn = minimum yield strength of the bottom shell course (MPa) w1 = dead load of shell minus auy corrosion allowance and 
t,. = tniu.imum yield strength oflbe auohor bolt (MPa) any dead load including roof plate acting oo ilie shell 
H= tank height in (m) minus any corrosion allowance (N) 

MwH= Pws XD X H212 (N-m) WJ = dead load oftbe shell using ooutinal1hlcknesses ami any 
dead load other thnn roof plate acting ou the sbell nsing A11,. = seismic moment in (N-m) (see Appendix E) nominal tbiokuesses (N) 

p = design pressure in (k.Pa) (see Appendi"< F) 3Failme pressure applies to mo.ks fulling under F.l.3 only. TI1e failure 
PI= fail\tre pressure in (kPa) (see Appendix F) Eressure shall be calcnlated using nominal thiclmcsses. 
PI= test pressure in (kPa) (see Appendix F) Refer to note R.2 in Appendix R for P\lrchaser guidance ~when spec· 

PwR = wind uplift pressure on roof in (kPa) i:fyin.g the factor applied to the design pressure. 

Pws = wind pressure on shell in (Nfm2) Cfrangibility pressure applies only to tanks desi&,rned to 5.1 0.2.6.d. The 

'" = 
roof plate thickness (the corroded thickness wben used 

frangibility pressure shall be calculated usiJJg uominal tltick11esses. 

11 

with W1 and nominal thickness \vheu used with W3) iu 
(mm) 

5.12.3 TI1e spacing between anchors shall not exceed 3 m (I 0 ft). 

5.12.4 Allowable stresses for anchot bolts shall be in accordance with Tables 5-2la and 5-2\b for each load case. The allow- 1 08 
able stress shall apply to U1e net (root) area of the anchor bolt. 

• 5.12.5 The Purchaser shall specify any COITosion allowance that is to be added to the anchor dimensions. Unless otherwise 
speci:fied, conosion allowance for anchor boils shall be applied to the nominal diameter. The mi:n.inmm anchor bolt diaUleter is 
I in. plus any specified con·osion allowance. 
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b Ta le 5-21 b- USC) Uplift Loads 

Allowable Sbell Stress 
Allowable Anchor at Anchor Attachment 

Uplift Load Case Net Uplift Fon.uula, U (Ibt) Bolt Stress (lbf/in. 2) (lbflin. 2) 

De~'igu Pressure [(P- 8th) X 0 2 X 4.08] - IV1 15,000 20,000 
Test Pressure [(P1- 8t,)x lY x 4.08] - WI 20,000 25,000 
Failure Pressurea [( 1.5 x Pr- 8t11) x D2 x 4.08]- w3 Fv F't), 
Wind Load PwR X [jl X 4.08 + f4 X MwHI D] - Tf/2 0.8 XFv 25.000 
Seismic Load (4 XM1, / D] - IV2(l -0.4Av) 0.8xF,. 25,000 
Oesigu Pressure0 + Wind [(0.4P + Pnm - 8t1,) x 0 2 X 4.08] + [4 MwHID]- W1 20,000 25,000 
Design Pressnre0 + Seismic [(0.4P-8th) x fll x 4.08] + [4Mn / D]-Wdl-0.4Av) 0.8xF,, 25,000 
Frangibility Pl'essurec ((3 X Pt~ 8th) X 0 2 X 4.08] - W3 P\. Fn, 

where wl = dead load of sheJl mjnus any corrosion allowance anc 
A,,= vertical earthquake acceleration coefficient. % g any dead load other Uum roof plate acting on the she[ 
D = tauk diameter in (ft) minus any corrosion allowance (lbf) 

F~, = minimum yield sb·engtb of U1e bottom shell course {psi) wl = dead Load of sbellmiuus any corrosion allowance and 

F_v = wi11imumyield strength of the anchor bolt (psi) any dead load including roof plate ac.ting. on the shell 

H = ta11k height in (ft) minus any corrosion allowance (lbf) 

MryH Pws X D X H2/2 (ft-lbs) 
w] = dead load of the shell using Jlomioa1 thicknesses and any = 

M,.. = seismic moment in (ft-lbs) (see Appendix E) 
dead load other than roof plate actlng on the shellusinJl 
nominal tltickuesses (lbt) 

p = design pressure in inc.hes of water coluruu {see 3Failure pressure applies to tanks falling under F.l.3 only. The fail-
Appendix F) w·e pressure shall be calculated using nominal tbkkllesses. 

Pf = fnilure pressure in inches of water column (see bRefer to note R.2 in Appendix R for Purchaser guidance \.men 
Appendi;x f) specifyiug the factor applied to the design pressure. 

P, = lest pressure in inches of \\IIIIer coltwu1 (see Appendix F) cFrang,ibility pressure applies only to tanks designed to 5.1 0.2.6.d. 
Pwn = wind uplifl p.ressure on roof in inches of water cohunn The frangibility pressure shall be calculated using nominal 

Pws = v.ind pressure on shell in (lbstft2) thicknesses. 

,,, = roof plate thickness (the conoded thickness \Wen used 
\\~tb Wt and nominal thickness wbeu 11Sed with f1'3) in 
(in.) 

• 5.12.6 Attachment of the anchor bolts to the shell shall be through stiffened chair-type assemblies or anchor rings of sufficient 
size and height. Ao acceptable procedure for anchor chair design is given in AlSl E-1 . Voltune 11. Patt VU "Anchor Bolt Chairs." 
When acceptable to the Purchaser, anchor straps may be used if the shell attachment is via chair-type assemblies or anchor rings 
of sufficient size and height. 

5.12.7 Other evaluations of anchor attachments to the shell may be made to ensw·e that localized stresses in the shell wlll be 
adequately handled. An acceptable evaluation technique is given in ASME Section Vlll Division 2. Appendix 4, using the allow
able stresses given in this section for S,,. The method of attachment shall take into consideration the effect of deflection and rota
tion of the shell. 

5.12.8 Allowable stresses for anchorage parts shall be in accordance with 5.10.3. A 33% increase of the allowable stress may 
be used for wi11d or seismic loading conditions. 

5.12.9 The maximum allowable local stress in the shell at the anchor attachment shall be io accordance with Tables 5-21 a and 
5-21b unless an allemate evaluation is made in accordance with 5.12.7. 

• 5, 12.10 When specified by the Purchaser. the auchors shall be designed to allow for thennal expansion of tbe tank resulting 
from a temperatw·e greater lban 93°C (200°F). 

5.12.11 Any anchor bolts shall be lUlifOJmly tightened to a snug frt, and any anchor straps shall be welded while t11e tank is 
ftiJed with test water but before any pressure is applied on top of the water. Measures such as peening the threads or adding lock
ing nuts, shall be taken to prevent the nuts from backing off the threads. 

5.12.12 'The embedment strength of the anchor in the fOLrndation shall be sufficient to develop the specified minimum yield 
strength of the anchor. Hooked anchors or end plates may be used to resist pullout 
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5.12.13 The fotmdation shall provide adequate counterbalancing weight to resist the design uplift loads in accordance with the 
following: 

5.12.13.1 TI1e counterbalancing weight, such as a concrete t1ngwall, shaJI be designed so that the resistance to net uplift is in 
accordance with Tables 5-21 a and 5-21 b. W11en considering uplift due to a wind or seismic moment, an evaluation shall be made 1 os 
to insure ovettw1ling stability of the foundation and to insw·e soil-beaJing pressures are witrun allowable sn·ess levels as deter
mined using the recommendations of Appendix B. 

5.12.13.2 When a footing is included in the ringwall design, the effective weight of the soil above the footing may be included 
in the counterbalancing weight. 



SECTION 6-FABRICATION 

6.1 GENERAL 

6.1.1 Workmanship 

• 6.1.1.1 All work of fab1icating API Std 650 tanks shall be done .in accordance with this Standard and with Ute pennissible ~Her
natives specified in the Pw·cbaser·s inquiry or order. The workmanship and fmish shall be first class it1 every respect and subject 
to the closest inspect ion by the Manufacturer ·s inspector even if the Pmcbaser bas waived any part of the inspection. 

6.1 .1.2 When material requi.r~s straightening. tl1e work shall be done by pressing or another noninjmious method prior· to any 
layout or shaping. Heating or hammering is not pei1Jlissihle unless the matelial is maintained at forging tem1Jerature dming 
straightening. 

6.1 .1.3 Mate1ials used to aid in the fub1ication of tanks shall not have a detrin1ental eiiect on the structural integrity of tl1e tank. 
Lubricants, crayons. adhesives, and anti-we1d spatter compouods shallrwt contain materials lhat will be detrimental to the tank, 
e.g .. sulfur and chloride compotmds for stainless steel materials. Attachments that will be welded to the pressure bot01dary sbnll 
not have a zinc or cadmium coating in U1e weld area ~ilhin 12 mn1 (0.5 in.) of the weld. 

6.1.2 Finish of Plate Edges 

The edges of plates may be sheared, machined, chipped, or machine gas cut. Shearing shaiJ be limited to plates less than or equal 
to I 0 nun (3/8 in.) thick used for butt-welded joints and to plates less tban or equal to 16 mm (5Js in.) thick used for lap-welded 
joints. 

• Note: With the Purchaser's approval, the shearing limitation on plates used for butt-welded joints may be increased to a thickness less than or 
equal to 16 mm (5/s in.). 

When edges of plates are gas cut. the resulting surfaces shall be uniform and smooth and shall be freed from scale and slag accu
Jn\~ations before welding. After cut or sheared edges are wire bmsbed, the fi11e ·film of rust adhering to the edges need not be 
reinoved before welding. Circumferential edges of roof and bottom plates may be mrumally gas cut. 

• 6.1.3 Shaping of Shell Plates 

F igw-e 6-1 provides cliteria for shaping of plates to the curvature of the tank p1ior to instaiJation in the tank. Shaping of plates con
Cllll-ently with installation in the tank shelL is permitted if the tank diameter exceeds the limjt in Figure 6--1 or if the Mrumfactw·er's 
altemate procedw·e for any diameter has been accepted by lhe Purchaser. 

6.1.4 Marking 

All special plates that are cut to shape before shipment as well as roof-supporting structm-al members shall be marked as shown 
on the Manufacturer's drawings. 

6.1.5 Shipping 

07 

parts sl.Jall be boxed or put in kegs or bags for shipmenL AU flru1ge faces and other machined swfaoes shall be protected against 07 

Plates and tank mate1ial shall be loaded in a manner that ensures delivery without damage. Bolts. nuts, nipples. and other small I 
cotTosion and from physical damage. 

6.2 SHOP INSPECTION 

• 6.2.1 The Purchaser's inspector shall be pem1itted free eniJy to all pa1ts of the Manufachm!.r 's plant that ru·e concerned wiU1 the 
contract whenever any work under the con1xact is being peJf01111ed. The Mrumfactu1-er shall afford the .Purchaser's inspector all 
reasonable facilities to assure the inspector that the material is being fumished in accordance with this Stru1dard. Also, the Manu
facturer shall fumish S<mJples or· specimens of materials for the plupose of qualifying welders io accordance \vith 9.3. 
Unless othe1wise specified, inspection shall be made at the pltlce of manufacture prior to shipment. 111e Manufacttu·er shall give 
1J1e Purchaser ample notice of when the mill \Viii roll the plates and when fabrication will begin so tl1at tl1e Pmchaser's it1spector 
may be present when required. The usual mill test of plates sl.JaU be deemed sufficient to prove the quality of tl1e steel frunished 
(except as noted in 6.2.2). Mill lest reports or certificates of compliru1ce, as provided for in tb.e material specification. shall be fur
nished to the Purchaser only when the option is specified in the original contract thaL they be provided. 

6-1 
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Figure 5-1-Shaping of Plates 

6.2.2 Mill and shop inspection shall not release the Manufactw·er D'OIU responsibility for replacing any defective material and 
for repairing any defective workmanship that may be discovered in the field. 

• 6.2.3 Any material or workmanship that in any way fails lo meet the requirements of this Standard may be rejected by the Pur· 
chaser's inspector, and the material involved shall not be used under the contract. Material that shows injmious defects subse
quent to its acceptance at the mill, subsequent to its acceptance at the Manufacturer's works, or during erection and testing oftbe 
tank will be rejected. TI1e Mannfacturer will be notified of this in writing and will be required to fumish new material promptly 
aod make the necessary replacements or suitable repairs. 

• 6.2.4 a. The Manufacnrrer shall visually inspect all edges of shell and roof plates before installing the plates in the tank or 
before inserting a nozzle into the plate to determine if laminations are present. If a lamination is visually detected, the Manufac
turer shall ultrasonically test the area to determine the extent of the laminations and shall reject the plate or make repairs in accor
dance with 6.2.4b. 

07 b. For lamiJlations fmmd not exceeding 75 tnm (3 in.) in length or 25 nnn ( 1 in.) in depth, repairs may be made by edge gouging 
and rewelding to seal the lamjnation. Tbe Manufacturer shaU submit the edge repair procedtu·e for Purchaser acceptance prior to 
the strut offabricatioo. For laUlinations exceeding these limits, the Manufacturer shall either reject the plate or repair the plate by 
entirely removing the lamination. Defore making such repairs the Manufacturer shall document the extent of the lrunination ru1d 

submit a case-specific repair procedure for Purchaser approval. 



SECTION 7-ERECTION 

7.1 GENERAL 

• 7.1.1 Required fmmdation and grade work shall be supplied by the Purchaser. ttnless oU1erwise sped tied in the Contract. The 
Manufacturer shall check level tolerances and contour betbre struting work, and shall notify the Purchaser of any deticiency dis
coveted that might affect the quality of the llnished work. Deficiencies noted shall be rectified by the Purchaser unless otherv.ise 
agreed by the Manufacturer. 

7 .1.2 After the Purchaser has turned the tank foundation over to the Manufacturer, the Manufacturer shall maintain the grade 
undel' the tank in true profile and free of foreign male1ials such as clay. coal, cinders. metal scraps, or animal or vegetable matter 
of any so1t. l11e Manufacttu'er shall repair any damage to either the fmtndation or grade surface caused by the Manufacturer's 
operations. 

7 .1.3 Coating or foreign material shall not be used between Slufaces iu contact in the ooustmctiou of the tauk. e)(cept as pe•mit
tedby 7.2.1.9. 

• 7.1.4 Coating or other protection for stl"llctw·aJ work inside and outside ofthetank shall be as specified in the contract and shall 01 

be applied by oompetenl workers. 

7.1 .5 AJ l temporary attachments welded to the exterior of the tank shall be removed and any noticeable projections of weld 
metal shall be ground smooth with the swface of U1e plate. ln the event of inadve•tent teruing of the plate when attachments are 
removed, lhe damaged area shall be repaired by welding and subsequent gtinding of the swface to a smooth condition. 

7.1.6 All temporruy attachments welded to the interior of the tank, including the shell. roof. tank bottom, roof columns and 
other internal sttuctures shall be removed and any noticeable projections of weld metal shal1 be gmund Smooth. I.n the ovenl of 
inadvertent tearing of the plate when attachments are removed, the damaged area shall be repaired by welding and subsequent 
grinding of the surface to a smooth condition. This work must be completed before the application of intemalliuings. the air rais- u 
ing of a fixt:d roof, the initial Jloating of a floating roof, and any other circttn1staoce whereby projections may cause damage. 

7.2 DETAILS OF WELDING 

7.2.1 General 

• 7.2.1 .1 Tanks and their structural attachments shall be welded by the sbielded metal-arc, gas metal-arc, gas tllngsten-arc, oxy
fuel. !lux-cored arc, submerged-ate, electroslag. or electrogas process using suitable equipment. Use of the o>:yfuel. electl'oslag. 
or electrogas process shall be by agreement between the Mant1facturer and the Purchaser. Use of the oxyfuel process is not per
mitted when impact testing of the material is required. AU tank welding shall be perfo1med by manual, semiautomatic arc, 
machine, or automatic welding in accordance ·with the requirements of Sect)ou 9 of this Standard and weldjng procedure specifi
cations as described in Section IX of the ASME Code. Welding sbal1 be perf01med in a manner that ensures complete fiiSion with 
the base metal. At the Purchaser's request.. the Purchaser may designate applicable sections of API RP 582 for supplementruy 
"velding guidelim:~s and practices. 

7 .2.1.2 No welding of any kind shall be perfom1ed when the surfaces to be welded are wet from rain. snow, or ice~ when rain or 
snow is falling on such surfaces; or dw-ing peliods of high winds ttnless the welder and the wotk are properly sbielded. AJso, pte
heat shall be applied when metal temperature is below the temperature required by Tables 7-la and 7-lb. In that case the base 
metal shall be heated to at least the temperature indicated in Tables 7-la and 7-lb within 75 mm (3 in.) oftl1e place where welding 
is to be stru'led and maintained 75 mm (3 in.) ahead ofthearc. 

Table 7-1a-(SI) Minimum PreheatTemperatures 

Material Group l11iclruess (1) of Minimtun Preheat 
per Table 4-4a l11icker Plate(=) Temperahu-e 

Groupsl. II, ill 1$ 32 0°C 
&IDA 32< I$' 40 lO"C 

1> 40 93°C 

Groups lV.lVA. t$32. lOOC 
V& VI 32 < 1~40 ·t0°C 

t>40 93°C 

7·1 
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Table 7-1b-(USC) Minimum Preheat Temperatures 

Material Group 'lllickness (1) of Minimtun Preheat 
per Table 4-4b lwcker Plate (in.) Tewpemture 

Groups I, 11, m 15. 1.25 J2•F 
&IDA 1.25 < I S 1.50 socrF 

I > 1.50 200"F 

Groups IV, TVA, IS 1.25 so•F 
V&VI 1.25 < I $ 1.50 IOO"F 

/ > 1.50 200°F 

7 .2.1.3 Each layer of weld metal or multilayer welding shaU be cleaned of slag and other deposits before the next layer is 
applied. 

7.2.1.4 The edges of all welds shall merge smoothly with tbe surface of the plate without a sharp angle. 

07 7.2.1.5 Alt welding shal l be free from coarse ripples, grooves, overlaps, abrupt 1idges, and valleys that interfere with 1ntelpreta· 
tion ofNDE results. 

7 .2.1.6 Owing lhe welding operation, plates shall be held in close contact at all lap joints. 

• 7.2.1.7 1l1e method proposed by the Mru1ufacturer for holding the plates in pos-ition for welding shall be submitted to the Pur
chaser's inspector. for appmval if approval has not already been given in writing by the Pw-cl1aser. 

7.2.1.8 Tack welds used during the assembly of vertical joints of tank shells shall be removed ru1d shall not remain in the fin
ished joints when the joints are welded manually. When such joints are welded by the submerged-ru·c process. the tack welds sha11 
be thoroughly cleruled of all welding slag but need not be removed if they are sound and ru-e thoroughly fused into the subse
quently applied weld beads. 
Whether tack welds are removed or left in place. they ~:hall be made using a fiJlet-weld or butt-weld procedure qualified in accor
dance with Section[)( of the ASME Code. Tack welds Lobe left in place shaU be made by welders qualified in accordance with 
Section IX of the ASME Code and shall be visually e.xamined for defects. which shall be removed if fOtmd (see 8.5 for critetia for 
visual examination). 

7 .2.1.9 If protective coatings <U-e to be used on stufaces to be welded. the coatings shall be included in welding-procedure qual
ification tests for the brru1d fomlUlation and maxinnun thickness of coating to be applied. 

7.2.1.1 0 Low-hydrogen electrodes shall be used for aU llJaJlual metal-arc welds in annular rings and shell courses, including the 
attachment of the frrst shell course to bottom or annular plates, as follows: 

a. Where the plates are thicker than 12.5 mm (Ill in.) (based on the thickness of the thicker memberbeingjoi.ned) and made of 
material from Groups 1- 111. 

b. For all thicknesses when the plates are made of material fi·om Groups IV. fVA. V and VI. 

7 .2.1.11 Noo-stmotural small attachments such as insulation clips, studs ood pins but not insulation support rings or bars may 
be welded by the arc stud, capacitor discl1m-ge or shielded metal arc process to the e;>,."terior of the shell including reinforcing plates 
or PWHT assemblies ruJd roof either before or after hydrostatic testing is performed, but before the tank will be filled with prod
uct provided: 

a. The attachment locations meet the spacing requirements of 5.8.1 .2a. 

b. TI1e arc stud welding process is limited to I 0 mm (3/s in.) maximum diameter studs or equivalent cross-section. 

c. The max.imwn shielded metal arc electrode is limited to 3 rnm (lis in.) diameter fl!1d shall be a low-hydrogen type 

d. TI1e attaclunent welds. except for those made by the capacitor discharge method, shall be inspected per 7.2.3.5. ll1e attachment 
welds made by the capacitor discharge method shall be visually examined for all types ru1d groups of shell mateJials. 

e. All stud welding ru1d capacitor discharge procedures have been q11alified in accordance with ASME Section IX. Capacitor dis
charge procedures do not require procedure quaWication provided the power output is 125 watt-sec or less. 

The shielded metal arc weld procedw·es shall meet the requirements of Section 9 for qualification for use. 
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7 .2.2 Bottoms 

7.2.2.1 After the bottom plates are laid out and tacked, tl1ey shall be joined by welding the joints .in a sequence tbat the Manu
facturer has found to tesult in the least disto1tio11 from sh1i nkage and thus to provide as nearly as possible a plane surface. 

7.2.2.2 The welding of the shell to the bottom shall be practically completed before the welding ofbotlom joints that may have 
been left open to compen~ate for shrinkage of any welds previously made is completed. 

7.2.2.3 Shell plates may be aligned by metal clips attached to the bottom plates. and the she11 may he tack welded to the bottom 
before continuous welding is struted between tbe bollom edge of the shell plate ru1d the bottom plates. 

7.2.3 Shells 

7.2.3.1 Plates to be joined by butt welding shall be matched accurately and retained in position during the welding operation. 
Misalignment in completed vertical joints for plates greater than 16 mm (5/s in. ) thick shall not exceed 10% of the plate thick
ness or 3 mm (its in.). whjcbever is less; misalignment for plates less than or equal to 16 mm (5Jg in.) thick shall not exceed 
l.S mru (l l t6 in.). 

7 .2.3.2 In con1pleted horizontal butt joints. the upper plate shaH llOt project heyond the face of the lower plate at any poinl by 
more than 20% of the tl1ick.ness of the upper plate, with a mrudmwn projection of 3 mm (1 Is in.); however, for upper plates less 
thM 8 lll.1ll (5/16 i.JJ.) truck, ti1e ntaximum projection shall be linlited to l.S mm (1/16 in.). The upper plate at a horizontal butt joint I 

08 shall have a 4: l taper when its dtickness is more th3ll 3 mm ( 1/g in.) greater than the lower plate. 

• 7.2.3.3 The reverse side of double-welded butt joints shall be thoroughly cleaned iu a mrutner that will leave the exposed sur
face satisfactory for fusion of the weld metal to be added, plior to the application of the ftrst bead to the second side. nus cleaning 
may be done by chipping; grinding; melting out; or where the back of the initial bead is smooth and free fi·om crevices lliat might 
entrap slag, another method that, upon field inspection, js acceptable to the Purchaser. 

7.2.3.4 For circumferential and vertical joints in tank shell courses constmcted of matelial more thM 40 mm ( 11/2 in.) thick 1 os 
(based on the thickness of the thicket plate at the joint), multipass weld procedures ru·e required, with no pass over 19 mm (3/4 in.) 
tiuck permitted. 

7.2.3.5 TI1e requirements oftrus section shaJI be followed when welding to Group rv, IVA. V, and VI materials. Permanent and 
temporary attachments (see 7.2.1.10 for infonnation on shell-to-bottom welds) shall be welded with low-hydrogen electrodes. 
Both penn3llent and temporruy attachments shall be welded in accordance with a procedtu-e that minimizes the potential for 
underbead cracking. TI1e welds of pem1aneut attachments (not including shell-to-bottom welds) and areas where tempot-aJy 
attachments are removed. shall be examined visually and by either the magnetic pru.ticle method or by the liquid peuetmnt meU1od 
(see 8.2, 8.4, or 8.5 for the approptiate inspection c1itetia). 

7 .2.3.6 Completed welds of stress-relieved assemblies shall be examined by visual, as well as by magnetic patticle or penetrant 
nlethods. after stress relief, but before hydrostatic test. 

7 .2.3.7 F'lush-type counections shall be inspected according to 5 . 7.8.11. 

7.2.4 Shell-to-Bottom Welds 

• 7.2.4.1 The initial weld pass inside ti1e sheU shall have all slag and non-metals removed from the swface oft-he weld and then 
examined for its entire circumference p1ior to welding the first weld pass outside the shell (temporruy weld fit-up tacks excepted), 
both visually and by one of the following methods to be agreed to by Purcba~er and the Manufactm-er: 

a. Magnetic particle. 

b. Applying a solvent ljquid penetrant to the weld 3lld then applying a developer to the gap between the sbeU and the bottom 3lld 
exrunini.ng for leaks after a m.inimrun dwell time of one hour. 

c. Applying a water-soluble liquid penetrMt to either side of the joint 3lld then applying a developer to tbe other side of the joint 
and examining for leaks after a minimum dwell time of one hour. 

d. Applying a higb flash-point peuetTating oil such as light diesel to the gap bet'A'een the shell 3lld the bottom, letting stand for at 
least four hours, aod examining the weld for evidence of wicking. 

Note: Residual oil may remain on the surfaces yet to be \~lded even after the cleaning required below and conlami.uation of tbe subsequent 
\~ld is possible. 
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e. Applying a bubble-fmmi.ng solution to the weld. using a right angle v!lcutuu box, and examining for bubbles. 

Thoroughly clean aJl residual examination materials from the as yet to be welded surfaces and from the Lmwelded gap between 
the shell and bottom. Remove defective weld segments and reweld as required. Reexamine the repaired welds and a minimum of 
150 IllJ1) (6 in.) to either side in the marmer described above. Repeat this clea.o-remove-repair-e-xamine-and-cle<m process w1til 
there is no evidence of leaking. Complete all welding passes of the joint both inside and outside the shell. VisuaJiy examine the 
finished weld surfaces of the joint borh inside and outside lhe shell for U1eir entu·e cu·cumference. 

7.2.4.2 As an altemative to 7.2.4.1, Lhe initial weld passes, inside and outside of U1e shell, shall have aJI slag and non-metals 
removed fi·om the surface of the welds and the welds shall be examined visually. AdditionaHy. after the completion of the inside 
and outside fillet or pa1tial penetration welds. U1e welds may be tested by pressurizing the volume between the illSide and outside 

os l welds with air pressure to 100 kPa ( 15 lbtlin.2 gauge) and applyiJ1g a solution film to both welds. To assure that the air pressure 
reaches aJI pruts of the welds, a sealed blockage in the anmLiar passage hetween tbe inside and outside welds must be provided by 
welding at one or more po.ints. Additionally. a small pipe coupling commmticaling with the volume between tile \"lelds must be 
connected at one end and a pi"essure gauge connected to a coupling on the other end of the segment under test. 

• 7.2.4.3 By agreement between the Purchaser and the Manufactw·er, the examinations of7.2.4.1 may be waived if the following 
examinations are performed on the entire circumference of the weld(s): 

a. Visually examine the initial weld pass (inside or outside). 

b. Visually examine the finished joint welded surfaces, both inside and outside the shell. 

c. Examine either side of the f mished joint weld surfaces by mag11etic pruticle. or liquid penetrant, or right angle vacuum box. 

7.2.5 Roofs 

Except for the stipulation that the s1J1tct\u-al framing (such a.s the rafters Md girders) of the roof must be reasonably true to line 
and swface, this Standard does not include special s6pulations for erection oftheJoof. 

7.3 INSPECTION, TESTING, AND REPAIRS 

7.3.1 General 

7.3.1.1 The Ptu·cbaser·s inspector sball at all times have :free enlly to all pruts of the job while work under the contract is being 
pe1formed. The Manufacturer shall afford the Ptu·chaser's inspector reasonable facilities to assw·e the inspector that the work is 
being petformed ill accordance with litis Stru1dard. 

7.3.1.2 Any material or workmanship shall be subject to the replacement requirements of 6.2.3. 

• 7.3.1.3 Material that is damaged by defective workmanship or that is otherwise defective will be rejected. The Manufactw·er 
will be notified of this iJ1 wliting ru1d will be required to furnish new material promptly or to correct defective workmanship. 

7.3.1.4 Before acceptru1ce. all work shall be completed to the satisfaction of the Purchaser's inspector, and tile entire tank. 
when filled with oil, shall be tight and free from leaks. 

7.3.2 Inspection of Welds 

• 7.3.2.1 Butt-Welds 

Complete penetration and complete fusion are required for welds joining shell plates to shell plates. Inspection for the quality of 
the wefds shall be made using eitl1er Lhe radiographic method specified iu 8.1 or alternatively. by agreement between the Pur· 
chaser and the Manufacturer, using tile ultrasonic method specified in 8.3.1 (see Appendix U). !J1 addition to the radiographic or 

07 ultrasonic examination, these welds shall also be visually examiJted. Furthennore, the Purchaser's inspector may visually inspect 
all butt-welds for cracks, ru·c stJikes, excessive lUldercut. stu·facc porosity. incomplete fusion, and other defects. Acceptance and 
repair criteria for the visual method are specified in 8.5. 

7 .3.2.2 Fillet Welds 

fillet welds shall be mspected by lhe visual method. The fmal weld shall be cleaued of slag and oilier deposits prior to inspection. 
Visual examination acceptru1ce and repair criteria are specified in 8.5. 
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• 7.3.2.3 Responsibility 

The Manufacturer shall be responsible for malting radiographs and any necessary repnirs; however, if the Purchaser's inspector 
requires radiographs in excess of the number specified in Section 6, or requires chip-outs of filJet welds uJ excess of one per 30 m 
(I 00 ft) of weld and no defect is disclosed the additional.in!>1Jections and associated work shall be lhe responsibility of the Ptu·cha~er. 

7.3.3 Examinatioh and Testing of the Tank Bottom 

Upon completion ofweldi1\g of the tank bottom, the bottom welds and plates shall be examined visually for any potential defects 
and leaks. Partlcular attention shall apply to areas such as sumps. dents, gouges, Uu·ee-plate laps, bottom plate breakdowns, arc 
strikes. temporary attachment removal areas, and welding lead arc bums. Visual examination acceptance and repair cliteria are 
specified in 8.5. u1 add.ition. all welds shall be tested by one of U1e following methods: 111 
a. A vacuum-box test in accordance with 8.6. 

b. A tracer gas test in accordance with 8.6. l I. 

c. After at least the lowest shell oomse has been <~ttache<i to the bottom. vv-aler (to be supplied by the Purchaser) shall be pumped 
undemeatb the bottom. A head of 150 nm1 (6 in.) of liquid shall be maintained using a temporary dam to hold rhat depU1 armmd 
the edge of the bot1om. The line coutaining water for testing may be installed temporarily by running it through a manhole to one 
or more temporaty flange connections in the bottom ofthe tank. or the line may be installed pem1anently in the subgrade beneath 
the tank. ]ne method of installation should be govemed by the nature of the subgrade. Reasonable care shall be taken to preserve 
the prepared subgrade Lmder the tank. 

7.3.4 Inspection of Reinforcing-Plate Welds 

After fabrication is completed but before the tank is filled witb test '"rater, tho J'einforciog plates shall be tested by the Manufac-
turer by applying up to 100 k.Pa (15lbf/in.2) gauge pneumatic pressure beh;veen tbe tank shell and the reinforcement plate on each 
opening using the telltale hole specified in 5.7.5.1. Willie each space is subjected to such pressure, a soap film, linseed oil, ot· 
another material suitable for tl1e detection of leaks shall be applied to al l attachment welding around the 1·einforcement, both 
inside and outside the tank. 

• 7.3.5 Testing of the Shell 

• 

After the entire tank and roof structure is completed., the shell (except fot the shell of tanks designed in accordance wilh 
Appendix F) shall be tested by one of the following methods, as specified on the Data Sheet. Line 14: 

1. lf water is available for testing the shell. the tank shall be filled with water as (ollows: (1) to the mf!xi.ruUJI\ design liquid 
level, H; (2) for a tank witb a tight roof, to 50 nun (2 in.) above the weld connecting the roof plate or compression bar to the 
top angle or shell; (3) to a level lower than that specified in Subitem 1 or 2 when restricted by overflows, an in:temal float
ing roof, or other freeboard by agreement between tl1e Purchaser and the Manufacturer, or 4) to a level of seawater 
producing a bottom of shell hoop stTess equal to that produced by a full -beig,ht fresh water test. The tank shall be inspected 
frequently during the filling operation.. and any welded joints above the test-water level shall be examined in accorillmce 
with Item 2 below. This test shall be conducted before permanent extemal piping is connected to 01e tank. Attachments to 
the shell defmed in 5.8.1.1, located at least I m (3 ft) above t11e water level. and roof appmtenances may be welded during 
the filling of the tank. After completion of the hydro-test, only non-stmctural small attachmeuts may be welded to the tank 
in accordance v-~th 7.2.1.1 l. 

2. If Sllffioient water to ftll the tank is not available, the tank may be tested by (1) painting all of the joints on the inside with a 
highly penetrating oil, such as automobile spdng oil, and carefully examining the outside of lbe joints for leakage; (2) 
applying vacuum to either side of the joints ot' applying internal air pressure as specified for the roof test in 7 .3. 7 and care
fully examining the joints for leakage; or (3) using any combination of the methods stipnlated in 7.3.5. Subitems J and 2. 

7.3.6 Hydrostatic Testing Requirements 

7.3.6.1 This hydrostatic test of the tank shall be conducted before permanent ex1ema1 piping is COllllecled to the tank. Al1achmenls 
to tl1e shell defmed in 5.8.1.1, loc.ated at least 1 m (3ft) above the water level. and roof appurtenances may be welded dw·ing the fill
ing of the tank. After completion of the hydro-test, only nou-structmal small attaclunents mey be welded to the tank in accordance 
with 7.2.1.11. Any welded joints above lhetest-waterlevel shall be exan1ined for leakage by one of the following methods: 
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n l. applying a highly penetrating oil on all interior weld jo.iuts, e.g., automobile spring oil. and carefully examining the outside 
of the joints for leakage; 

2. applying vacuum to either side of the joints or applying internal air pressnre as specified for the roof test in 7.3. 7 and care
fully examining the joints for leakage: or 

3. using any combination oftl1e methods stipulated in Subitems 1 and 2. 

7.3.6.2 The Manufacturer shall be responsible tor: 

I. Preparing the tank for testing. This shall include removal of aU trash, debris, grease, oil, weld scale, weld spatter, and any 
other toreign matter from the intetior and the roof(s) of the tank. 

• 2. F umishing. laying, and removing all lines fi·om the water source tie-in location and to the water disposal point as prescribed 
on the Data Sheet, Line 14. 

• 3. Filling and emptying the tank. (See 1.3 for Purchaser responsibility to obtain any required pcm1its for disposal of water.) 

• 4. Cleaning, tinsing. drying. or other prescribed activity. if specified on Data Sheet, Line 14. following the hydro-test to make 
the tank ready for operation. 

• 5. Taking settlement me:lsu:rements (unless explicitly wnived by the Purchaser on the Dat(l Sheet, Line t-1 ). 

6. Furnisl1ing all other test materials and facilities, including bliuds, bolting, and gaskets (see 4.9). 

• 7. Checking the wind girders for proper dra.iuage during or foUowi.ng the hydro-test. lf water is retained, additional drainage 
shall be provided subject to 01e Purchaser's approval. 

• 7 .3.6.3 The Pw·cbaser shall be tesponsible for: 

07 ] . Fw11ishing and disposing of tl1e water for hydro-testing the tank fi·om tl1e water source tie-in location as designated on the 
Data Sheet. Line 14. I fbiocide or caustic addltions are specified to the Manufacturer, the Pw·chaser is responsible for deter
uuniJ1g or identifying disposal restrictions on the treated water. 

2. Specifying the test water quality. Potable water is prefeJTed for hydro-testing. This does not preclude the use of condensate, 
reverse osmosis water, well water, river water, or sea water. The Purchaser shall consider issues such as-low temperature 
brittle fi·acture. JJ-eeze damage;- amount of suspended solids, sanitatioo issues, animal/plant incubation and/or· growth, acid
ity, general corrosion, pitting, protecting against cathodic cells, microbiologically-induced con·osion, material dependeot 
sensitivity to trace chemical attack, disposal, rinsing, aud residuals left in 01e tank after emptying. Lfthe Purchaser-supplied 
test water causes coJTosion, the Purchaser is responsible for the required repairs. 

3. foor the following rnetallw-gies. describe on the Data Sheet, Line 14, (using a Supplemental Specification) any additional 
restrictions on the water quality: 

a. Carbon Steel-For carbon steel equipment where water contact exceeds 14 days. including filling and draining (e.g .. 
consider adding an oxygen scavenger and a biocide, and ta.ise the pH by the addition of caustic). 

b. Stainless Steel- Sec Appendix S. 

c. Aluminum Components-See Appendix H. 

7 .3.6.4 For carbon and low-alloy steel tanks, the tank metal temperature dwing hydrostatic testing shall not be colder than U1e 
design metal temperature per Figw·e 4- 1. as long as the water is prevented ti·om freezing. ll1e Manufacttu·er is responsible for 
heating the tes1 water, if heating is required, tlllless stated otherwise on the Data Sheet, Line 14. 

7 .3.6.5 The minimtun fill and discharge rate, if any, shall be specified by the Pw·chaser on the Data Sl1eet, Line 23. 'Wl1en set
tlement measurements are specified by the Purchas!=!r, the mmcimum filling rates shall be as follows, unless otherwise restricted by 
the requirements in 5.8.5: 

Water Filling Rate 

Bottom Course Thickness Tank Portion Maximum Filling Rate 

Less than 22mm (1/g in.) - Top course 300 llllll (12 in.)lllr 
- Below top course 460 rum (18 in.)/br 

22mm (1/gin.) and thicker -Top tlrird of tank 230 rum (9 in.)!hr 
-Middle third of tank 300 ( 12 iu.)/hr 
- Bottom third oftank 460 (18 iu.)/hr 
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Filling may continue while elevation measurements are being made as long as the change in water elevation for a set of readings 
does 11ot exceed 300 nun ( 12 in.). Unless waived on the Data Sheet tbe Manufachlter shaU make shell elevation measurements in 07 

accordance with the following: 

1. Shell elevation measurements shall be made at equally-spaced intervals arouud the tan.k circum Ference not exceeding 10m os 
(32ft). 1l1e minimum number of shell measurement points shall be eight. 

2. Observed elevations shall be referred to a pemmnent benclm1ark. The level instrument shall be set up at least 11h times 
tank diameter away from the tank wbeo tank elevation readings are taken. Si-..: sets of settlement readu1gs are required: 

a. Before start of the hydrostatic test 

b. With tank filled to 1/4 test height (±600 mm (2 ft)) 

c. With tank filled to 1h test height (±600 mm [2 ft]) 

d. With tauk filled to 3f4 test hc.igbl (±600 mm [2 !1]) 

e. At least 24 how-s after U1e tank has been filled to the maximum test height. Tllis 24-hour period may be increased to 
duration specified on the data sheet if the Purchaser so requires for conditions such as: 

1. The tank is tbe first one in the area. 
il. The tank has a larger capacity than any other existing tank in the area. 
111. l11e tank has a higher \Ulit bearing load tban any other existing ta11k in the area. 
iv. There is a question regarding the rate or magnitude of settlement that will take place. 

f. After tank has been emptied of test water 

• Note: The three sets of settlemeul readiugs described in paragraphs b, c, Md d above may be omitted if specified by the Purchaser. 

7.3.6.6 Lf settlement measurements are specified by the Purchaser, any differential settlement greater than 13 mm j)er I 0 m 
( 1 h in. per 32 ft) of circumference or a uniforn1 settlement over 50 mm (2 in.) shall be reported to the Purchaser for evaluation. 
Filling oftlle tauk shall be stopped tmtil cleared by the Purchaser. 

7.3.6. 7 For floating-roof tanks, the maximwu and minimum annular space between the shell and the roof rim plate prior to ini
tial flotation and at the max.imwn test fill height shall be measured and recorded. 

7.3.6.8 lntemal bottom elevation measuremeuts shall be made before and after hydrostatic testing. Measurements shall be 
made at maximum intervals of 3 m (1 0 ft) measured on diametrical lines across the tank. The diametrical lines shal l be spaced at 
equal angles, with a maximum separation measured at the tank circumference of 10m (32 It). A minimum of four diametrical 
lines shall be used. 

7.3.6.9 All elevation meosurements shall be included in the Manufacturer's Post-Construction Document Package (see W.1.5). 

7.3.7 Testing of the Roof 

7.3.7.1 Upon completion, the roof of a tank designed to be gas-tight (except for roofs designed tmder 7.3.7.2. F.4.4. and F.7.6) 
shall be tested by one of the following methods: 

a. Applying internal air prcssurt:! not exceeding the weight of the 1·oofplates and applying to the weld joints a bubble solution or 
other material suitable for the detection of leaks. 

b. Vacntun testing the weld joints in accordance with 8.6 to detect any leaks. 

• 7.3.7.2 Upon completion, the mof of a tank not designed to be gas-tight. such as a tank "vith peripheral circulation vents or a 
tank with free or open vents. shallt·eceive onJy visual inspection of its weld joints, unless other·wise speciJied by the Pw·cbaser. 

7.4 REPAIRS TO WELDS 

• 7.4.1 AJI defects found in welds shall be called to the attention of the Purchaser's inspector, and the inspector's approval shaU 
be obtained before the defects are repaired. All completed repairs shall be subject to the approval of lbe Purchaser's inspector. 
Acceptance criteria are specilied in 8.2. 8.4, and 8.5. as applicable. 

7 .4.2 Pinhole leaks or porosity in a tank bottom joint may be repaired by applying an additional weld bead over U1e defective 
area. Other defects or cracks io tank bottom or tank roof (including floating roofs in Appendix C) joints shall be repaired as 
required by 8.1.7. Mechanical caulking is not pennirted. 
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7 .4 .3 All defects, cracks, or leaks in shell joints or the shell-to-bottom joint shall be repaired in accordance with 8.1. 7. 

• 7 .4.4 Repairs of defects discovered after the tank bas been filled with water for testing shall be made with the water level at 
least 0.3 Ill (1 fl) be) ow any point being repaired or, if repairs bave to be made on or near the tank bottom. with the tank empty. 
Welding shall not be done on any tank tmless all connecting lines have been completely blinded. Repairs shall not be attempted on 
a tank that is filled with oil or that has contained oiltmtil the tank has been emptied, cleaned. and gas freed. Repairs on a tat1k that 
has contained oil shall not be attempted by the Manufacturer lmless the manner of repair has been approved in wliting by the Pur
chaser and the repairs are made in the presence of the Purchaser's inspector. 

7.5 DIMENSIONAL TOLERANCES 

• 7.5.1 General 

The purpose of the tolerances given in 7.5.2 tlu·ongb 7.5. 7 is to produce a tank of acceptable appearance and to permit proper 
fLIDctioning of floating roofs. Measmements shall be taken prior to the hydrostatic water test. Vriless waived or modified by the 
Purchaser on Data Sheet, Line 15. or established separately by agreement between the Pw·chaser and tbe Manufacturer, the fol
lowing tolerances apply: 

7.5.2 Plumbness 

a. The maximum out-of~pllunbness of the top of the shell relative to the bottom of the shell shall not exceed 1/200 of tJ1e total 
LaJlk height The out-of-plumbness in one shell cour-se shall not exceed the permissible variations !or flatness and waviness as 
specified ill ASTM A6MJA 6, ASTMA 20M/A 20. or ASTM A480MIA 480, whichever is applicable. 

b. 'The max-imum oul-ot~p l tollbness of roof colwnns. guide poles, or otl1er vertical internal components shall not exceed 1/200 of 
U1e total heigbt. The 1/200 criteria shall also apply to fixed roof colunms. For tanks with intemal floating roofs. apply the critetia 
of this section or AppendLx H. whichever is more stringent. 

7.5.3 Roundness 

Radii measured at 0.3 ru (1 ft) above Ute bottom comer weld shall not e.xceed the follO\"'ing tolerances: 

7.5.4 Local Deviations 

Tank Diameter 
m(ft) 

< 12 (40) 

From 12 (40) to< 45 (150) 

From 45 ( 150) to < 75 (250) 

~ 75 (250) 

Radius Tolerance 
mm(in.) 

± 13 (1/2} 

± 19 e14) 

±25 (1) 

± 32 (11/4) 

Local devintions from the theoretical shape ~for example, weld discontinuities and flat spots) shall be limited as follows: 

a. Deviations (peaking) at veJtical weld joints shall not exceed 13 mm (1/1 in.). Peaking at ve11ical weld joints shall be deter
mined using a horizontal sweep board 900 mm (36 in.) long. The sweep board shall be made to the nominal radius of the tank. 

b. Deviations (handing) at horizontal weld joints shall not exceed 13 mm (1/2 in.). Banding at horizontal weld joints shall be 
detemtined using a straight edge vertical sweep board 900 mm (36 in.) long. 

c. Flat spots measured .in the vettical plane shall not exceed the approptiate plate flatness and waviness requirements given in 
7.5.2. 

7.5.5 Foundations 

7 .5.5.1 To achieve the tolerances specified in 7.5.2 through 7.5.4. it is essential that a foundation true to the plane be provided 
for the tank erection. 'fhe fmmdation should have adequate bearing to maintain the trueness of the foundation (see Appendix B). 
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7 .5.5.2 Where foundations true to a horizontal plane are specified. tolerances shall be as fol lows: 

a. Where a concrete ringwaU is provided under the shell, the lop of the ringwall shall be level witl1in ±3 mm (1/8 in.) in any 9 m 
(30ft) of the circumference and within ±6mm (114 in.) in the total circumference measured from the average elevation. 

b. Where a concrete ringwall is uot provided. the foundation w1der the shell shall be level within ±3 mm (l/8 in.) in any 3 m 
( I 0 ft) of the circumference and within± 13 nlln ( 1h in.) in the total circlllllference measured from the average elevation. 

c. Whe1·e a concrete slab folllldatio11 is provided. the first 0.3 m ( 1 ft) of the foundation (or width of the annular 1ing), measured 
from the outside of the tank radially towards the center. shall comply with the concrete ringwaU requirement. The remainder of 
lhe.foundation shall be within ± I 3 mm (1/2 in.) of the design shape. 

7.5.5.3 Where a sloping foundation is specified, elevation differences about tl1e circ1U11ference shall be calculated from the 
specified high point. Actual elevation differences about the circumference shall be detennined from the actual elevatiOJl of the 
specified high point. The actual elevation differences sl1all nol deviate u·om the calculated differences by more than the folJowi.ng 
tolerances: 

a. Where a concrete dngwaiJ is provided. ±3 tnm (1/8 in.) in any 9 m (30 ft:) of circumference and ±6 mm (1/4 in.) in the total 
circumference. 

b. Where a concrete tingwall is not provided, ±3 mm ( 1/s :in.) in any 3m ( I 0 ft) of circwnference and ±13 mm t 1 h in.) in tJ1e total 
circumference. 

7.5.6 Nozzles 

Nozzles (excluding manholes) shall be installed within the following tolerances: 

a. Specified projection from outside of tank shell to ex"treme face of flange: ±5 mm ( 3J l6 in.) 

b. Elevation oJ shell nozzle or radial location of a roof nozzle: ±6 mm (If.~, in.) 

c. Flange tilt in any plane. measured on the :flange face: 

± 1 /2 degree tor nozzles greater than NPS 12 in nominal diameter 

±3 mm ( 1/s in.) at the outside flange diameter for nozzles NPS 12 and smaller 

d. Flange bolt hole orientation: ±3 U1ll (1/8 in.) 

7.5.7 Shell Manholes 

Manholes shall be installed within the foUowing tolerances: 

a. Specified projection from Olltside of shell to exll'eme face of flange, ± 13 mm ( 1/2 in.) 

b. Elevation and angular location, ± l3 mm (lh in.) 

c. Flange tilt in any plane. measured across the flange diameter, ±13 mm ( 1h in.) 
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SECTION 8-METHODS OF INSPECTING JOINTS 

Note: to tl1is Standard. the term inspector. as used in Sections V and VITI of the ASME Codf1. shall be interpretf.'d to nlean U1e Purchaser's 
inspector. 

8.1 RADIOGRAPHIC METHOD 

For the purposes of this paragraph. plates shall be considered of the same thickness when the difference in their specified or 
design thickness does not exceed 3 mm (1/8 in.). 

8.1.1 Application 

Radiographic inspection is required for shell butt-welds (see 8.1.2.2. 8.1.2.3. and 8.1.2.4). annular-plate butt-welds (see 8.1.2.9) . 
and llush· type connections wiU1 butt-welds (see 5.7.8.11). Radiographic inspection is not required for the following: roof-plate 
welds, bottom-plate welds, welds joining me top angle to either the roof or shell. welds joining ~1e shell plate to I he bottom plate. 
welds in nozzle and manway necks made from plate. or appurtenance wrlds to the tank. 

8.1.2 Number and Location of Radiographs 

8.1.2.1 Except when omitted under the provisions of A.3.4. ractiographs shaU be taken as specified in 8.1.2 through 8. J .9. 

8.1.2.2 The following requirements apply to vertical joints: 

a. For butt-welded jolnts in which the thinner shell pla1e is less than or equal to J 0 mrn {'1/s in.) thick. one spot radiograph shall be 
taken in the Arsl 3 m (1 0 ft) or completed vertical joint or each type and thickness welded by each welder or welding operator. The 
spot radlographs taken in the vertlcal joints of the lowest course may be used to meet the requirements of Note 3 in Figure 8-1 for 
individual joints. Thereafter, without regard to the number of welders or welding operators, one adclitiooal spot racliograph shaU 
be 1aken in each arldilional 30 rn (100ft) (approxima1ely} and any remaining major fraction of vertJcal joint of ~1e same type and 
thickness. Atleast25% of the selected spots shall be at junctions of vertical and horizontal joints. with a minimum of two such 
intersections per tank. ln addllion to the foregoing requirements, one random spot radiograph shall be taken in each vertical joint 
in the lowest course (see me top panel of Figure 8-1) . 

b. For butt-welded joints in which the thinner shell plate is greater than l 0 mm (3fs in.) but less than or equal to 25 rnm (I in.) in 
thickness, spot radiographs shall be taken according to Item a. In addHion. aU junctions of vertical and horizontal joints in plates 
in I his thickness range shaiJ be radiographed; each film shall clearly show not less tJ1an 75 mm (3 in.) of vertical weld and 50111111 
(2 iu.) of weld length on each side of the. vertical intersection. In the lowest course, two spot radiographs shall bP taken in each 
vertical joint: one of U1e racliographs shall be as close to the bottom as ls practicable, aJld lbe ocher shall be taken at random (see 
~1e center panel of figure 8-l). 

c. Vertical joints in which the shell plates are greater than 25 mm (lin.) thick shall be fully radiographed. All junctions of vertical 
and horizonlal joints in this thickness range shaJI be radiographed: each fiJm shall clearly show not less than 75 mm (3 in.) of ver
tical weld and 50 mm (2 in.) of weld length on each side of the vertical intersection (see U1e bottom panel of Figure 8-1). 

d. The butt-weld around the periphery of an insert plate that extends less than me adjacem shell course height and that contains 
shell openings (i.e. nozzle, man way. flush-type cleanout, flush type shell-connection) and rheir reinforcing elements shall be com
pletely racliographed. 

e. The butt-weld around tl1e periphery of an insert plate which extends 10 match the acjjaceot shell course height shaU have the 
vertical and me horizontal butt joints and rhe Intersections of vertical and borizontal weld joints radiographed using me same ruJes 
that appJy to the weld joints In adjacent shell plates in ~1e same shell course. 

8.1.2.3 One spot radiograph shall be taken in the first 3 m (10 fl) of completed horizontal butt joint of the same type and thick
ness (based on the thickness of lhe thinner plate at the joint) wilhout regard to the nwnber of welders or welding operators. There
after. one radiograph shall be taken in each additional 60 01 (200 ft) (approximately) and any remaining rnajor fraction or 
horizontal joint of lhe same type and thjck.Jless. These radiographs are in addition to the radiographs of junctions of vertical joints 
required by Item c of 8.1.2.2 (see Figure 8-1). 

8.1.2.4 The number of spot radiographs required herein shaJI be applicable on a per tank basi.s. irrespective of the number of 
tanks being erected concurrently or col\tinuously at any location. 
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Notes: 

Topofshell t 

Tank bottom _j 
Topofshell t 

Tank bottom 

6 

Tank bottom _j 

API STANDARD 650 

(Numbers in squares refer to notes below) 

PLATE THICKNESS$ 10 mm (3/e") 

1 10mm (W') 

10 mm (3/a") <PLATE THICKNESS S 25 mm (1") 

6 6 

PLATE THICKNESS> 25 mm (1 ") 

1. Vertical spot radiograph in accordance wirh 8.1.2.2, Item a: one in the flrst3 m (10ft) and one in each 30m (1 00 ft)thereafter, 25% of which 
shall be at intersections. 
2. Horizontal spot radiograph 1n accordance with 8.1.2.3: one fn the first 3 m (10ft) and one in each 60 m (200 fl) thereafter. 
3. Vertical spot radiograph in each vertical seam 1n the lowest course (see 8.1 .2.2, Item b). Spot radiographs that satisfy the requirements or 
Note 1 for the lowest course may be used to satisfy this requirement. 
4. Spot radiographs of all intersections over 10 mm (3/s in,) (see 8,1.2.2, Item b). 
5. Spot radiograph of bottom of each vertical seam in lowest shell course over 10 mm (3fs in.) (see 8.1.2.2, Item b) . 
6. Complete 1 adlograph of each vertical seam over 25 mm (1 in.). The complete rad1ograph may include the spot radiographs or the 
intersections if the film has a minimum width of 100 mm (4 in.) (see 8.1 .2.2, Item c). 

Figure 8-1-Radiographic Requirements for Tank Shells 
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8.1.2.5 It ls recognized that io many cases the same welder or welding operator does not weld both sides of a butt joint. If two 
welders or welding operators weld opposite sides of a butt joint it is pemlissible to inspect their work with one spot radiograph. lf 
the radiograph Is rejected, additional spot radiographs shall be taken to detemrine whether one or both of the welders or welding 
operators are at fault. 

8.1.2.6 An equal nwnber of spot radiographs shall be taken fro111 the work of each welder or welding operator in propm1ion to 
the length ofjoints welded. 

• 8.1.2. 7 As welding progresses. radiographs shall be taken as soon as it is pracricable. The locations wlwre spot radiographs are 
to be taken may be determiJ1ed by the Purchaser's inspector. 

8.1.2.8 Each radiograph shall dearly show a minimum of 150 mm (6 in.) of weld lengU1. The ftlm shall be centered on the weld I 
and shall be of suffident widU1 to pemlit adequate space for the location of identification marks and an image quality indicator 07 

(lQJ) penetrameter. 

8.1.2.9 When lJoltorn annular plates are required by 5.5. l. or by M.4.l, the radiaJ joints shall be radjographed as follows: (a) 
For double-welded bull joints. one spot radiograph shall be taken on l 0% of the radial joints; (b) For single-welded butt joints 
with pennanenl or removable back-up bar. one spol radiograph shall be taken on 50% of Ute radial joints. Extra care must be exer
cised in the interpretation of radiographs of single-welded joints that have a pen11anent back-up bar. Jn some cases, additional 
exposures taken at an angle may determine whether questionable indications are acceptable. The minimum radiographic length of 
each radjal joint shall be 150 mm (6 in.). Locations of radiographs shall preferably be at tJ1e outer edge of the joint where the shell 
pJate and annular plate joln. 

8_1.3 Technique 

8.1.3.1 Except as modified in this section, the radiographic examination method employed shall be in accordance with 
Section V, Article 2, of the ASME Code. 

8.1.3.2 Personnel who perform and evaluate radiographic examinations according to this section shall be quaJified and certified 
by the Manufacturer as meeting the requirements of certification as generally outl ined in Level IT or Level W of ASNT SNT-TC
lA (including applicable supplements). Level-l personnel may be used if they are given written acceptance/rejection procedures 
prepared by Level-IT or Levei-UI personnel. These written procedures shall contain the applicable requirements of Section V, Arti
cle 2. of U1e ASME Code. Jn addition. all Level-l personnel shall be under the direct supervision ofLevei-Il or Level-liJ personnel. 

8.1.3.3 The requirements of T-285 in Section V, Article 2. of the ASME Code are to be used only as a guide. Final acceptance 
of radiographs shall be based on whether the prescribed penetrameter image and the specified hole can be seen. 

8.1.3.4 The finished surface of the weld reinforcement at the location of the radiograph shal l either be flush with the plate or 
have a 1easonably unifonn crown not to exceed the following values: 

Plate Thickness 
mm(in.) 

~ 13 (112} 

:> 13 (1/2) to 25 (1) 

> 25 (1) 

• 8.1 .4 Submission of Radiographs 

Maximum Thickness of Reinforcement 
nlln (tn.) 

1.5 (1/1a) 

2.5 (3/30 

3 (1/s) 

Before any welds are repaired, the radiographs shaJI be submitted to the inspector with any information re(]uested by the inspector 
regarding the radiographic technique used. 

8.1 .5 Radiographic Standards 

Welds examined by radiography shall be judged as acceptable or unacceptable by the standards of Paragraph UW-5 I (b) in Sec
tion Vlll of the ASME Code. 

• 8.1 .6 Determination of Limits of Defective Welding 

When a section of weld is shown by a radiograph to be unacceptable under the provisions of 8. !.5 or fhe 1 imits of the deficient 
welding are not defined by the radiograph. two spots adjacent to the section shall be examined by radiography: however. if ihe 
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original radiograph shows at least 75 mm (3 in.) of acceptable weld between the defect and any one edge of the film. an additional 
radiograph need not be taken of the weld on that side of the defect. If the weld at either of the adjacent sections fails to comply 
with the requirements of 8.1.5. additional spots shall be examined until the limits of unacceptable weJding are determined, or the 
erector may replace all of d1e welding performed by 1he welder or welrung operator on that joint. If the welding is replaced, the 
inspector shall have the option of requiriug that one radiograph be taken at any selected location on any other joint on which the 
same welder o.r welding operator has welded. Jf any of these adcUlional spots fall to comply with the requirements of 8.1.5, the 
limits of unacceptable welding shall he determined as specilled for the inil"ial section. 

8.1.7 Repair of Defective Welds 

8.1.7.1 Defects in welds shall be repaired by chipping or melting out the defects from one side or both sides of !he joint, as 
required. and rewelding. Only the cutting our of defective joints that is necessmy to correct the defects is requiretl 

• 8.1 .7 .2 All repaired welds in joints shall be checked by repealing the original inspection procedure and by repeating one of the 
tesring methods of 7 .3, subject to the approval of the Purchaser. 

8.1.8 Record of Radiographic Examination 

11 1 8.1.8.1 The Manufacturer shall prepare a radiograph map showing the final location of all raruographs taken along with the 
film identification marks. 

• 8.1.8.2 After the structure is completed, the filrns shall be the property of the Purchaser unless oU1erwise agreed upon by the 
Purchaser and the Manufacturer. 

8.2 MAGNETIC PARTICLE EXAMINATION 

8.2.1 When magnetic particle examination is specified, the method of examination shaJJ be in accordance with Section V, Arti
cle 7. of the ASME Code. 

8.2.2 Magnetic particle examination shall be perfonnecl in accordance with a written procedure that is certified by the Manu
facturer to be in compliance with the applicable requirements of Section V of the ASME Code. 

8.2.3 The Manufacturer shall determine lhat each magnetic particle examiner meets the following requirements: 

a. Has vision (with correction, if necessary) to be able to read a jaP-ger ~ype 2 standard chart at a distance of not less than 300 rnm 
(12 in,) and is capable of rustinguishing and differentiating contrast between the colors used. Examiners shall be checked annually 
to ensure 1hat they meet these requirements. 

b. Js competent in r.he technique of the magnetic particle examination method. including performing the examination and inter
preting and evaluating the results; however, where the examination method consists of more than one operaUon, the examiner 
need only be ~ualified for one or more of the operations. 

8.2.4 Acceptance standards and the removal and repair of defects shall be in accordance With Section VITI, Appendix 6. Para
graphs 6-3. 6-4. and 6-5, of the ASME Code. 

8.3 ULTRASONIC EXAMINATION 

8.3.1 Ultrasonic Examination in U eu of Radiography 

When ultrasonic examination is applied in order to fulfi ll the requirement of7.3.2.1. the provisions of Appendix U shal l apply. 

8.3.2 Ultrasonic Examination NOT in Lieu of Radiography 

8.3.2.1 When ihe radiographic method is applied in order to fulfill the requirement of 7 .3.2.1, then any ul trasonic exan1lnaUon 
specified shaJJ be in accordance with this section. 

os l 8.3.2.2 The method of examination shall be in accordance with Section V. Article 4. of the ASME Code. 

8.3.2.3 Ultrasonic examination shall be performed in accordance with a w1itten procedure thai is certified by the Manufacturer 
to be in compliance with the applicable requirements of Section V of the ASME Code. 

8.3.2.4 Examiners who perfonn ultrasonic examinations under this section shall be qualified and cerlified by the Manufactur
ers as meeting the requirements of certification as generally outlined in Level II or Level fll of ASNT SNT-TC-IA (including 
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applicable supplements). Level-l personnel m<w be used if they are given written acceptance/rejection criteria prepared by Level" 
II or Levei-Hl personneL In addition. all Level-l personnel shall be under the direct supervision of LeveJ-n or Level-ill personneL 

• 8.3.2.5 Acceptance standards shall be agreed upon by lhe Purchaser and the Manufacturer. 

8.4 LIQUID PENETRANT EXAMINATION 

8.4.1 When llquid penetrant examination is specified. the method of examination shall be in accordance with Section V. 
Article 6, of the ASME Code. 

8.4.2 Liquid penetrant examination shall be perfom1ed in accordance with a written procedure that Is certified by the Manufac
turer to be in compliance with the applicable requirements of Section V of the /\SME Code. 

8.4.3 T11e Manufacturer shall determine and certify that each liquid penetrant examiner meets the following requirenwnts: 

a. Has vision (wilh correction, if necessary) to enable him to read a jaeger Type 2 standard chart at a distance of not less than 
300 mm (12 in.) and is capable of distinguJshjng and differentiating contrast between U1e colors used. Examiners shaU be checked 
annually to ensure that they meet these requirements. 

b. L-; competent in thf' technique of the Uquid penetrant examination me~1od for which he is certified, including making the exam
ination and interpreting and evaluating the results: however, where the examination method consists of more than one operation. 
the examiner may be certified as being qualified for one or more of the operations. 

8.4.4 Acceptance standards and the removal and repair of defects shall be in accordance wilh. Section Vlll , Appendix 8, Para
graphs 8-3.8-4, and 8-5. of the ASME Code. 

8.5 VISUAL EXAMINATION 

8.5.1 The Manufacturer shall detennine and certify that each visual examiner meers U1e following requJrements: 

a. Has vision (with correction. if necessary) to be able to read a Jaeger Type 2 standard chart at a distance of not less than 300 mm 
(J 2 in.) and is capable of passing a color contrast test. Examiners shall be checked annually to ensure that they rneel this require
ment: and 
b. Is competent in the technique of the visual examination. including performing the examination and interpreting and evaluating 
the results; however. where the examination method consists of more than one operation, the examiner performing only a portion 
of the lest need only be qualified for Ute portion that the exan1jner performs. 

8.5.2 A weld shall be acceptable by visual inspection if the inspection shows the following: 

a. There are no crater cracks. other surface cracks or arc strikes in or adjacem to the welded joints. 

b. Mal1imum pem1issible undercut is 0.4 mm r;G4 in.) in depth for vertical butt joints. vertically oriented permanent altarhments. 
attachmenl welds for nozzles, manholes, llush-type openings. and the Inside sheU-to-bottom welds. For horizontal butt joints. hor
izontal ly oriented permanent auachments. and annular-ring bull joints, the maximum pellTrissible undercut is 0.8 mm (lh2 in.) in 
depth. 

c. The frequency of surface porosity in the weld does not exceed one cluster (one or more pores) in any 100 mm (4 in.) of leng01. 
and U1e diameter of each cluster does not exceed 2.5 mru (3132 in.). 

d. The reinforcement of ~1e welds on all butt joints on ead1 side of the plate shall not exceed the following thicknesses: 

Plate Thickness 
mm (in.) 

$ 13 (1/z) 

> 13 (1/2) 10 25 (I) 

> 25 (1) 

Maximum Reinforcemenr Thickness 
mm (in.) 

Vertical Joints Horizontaljoints 

2.5 (3/3zl 3 (1/s) 

3 r /s) 5 (3/u>) 

5 (J;,(l) G (1/,t) 

The reinforcement need not be removed except to the extent that it exceeds the maximum acceptable thickness or unless its 
removal is required by 8.1.3.4 for radiographic examloalion. 

II 

07 

07 
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8.5.3 A weld that fails to meet the criteria given in 8.5.1 shall be reworked before hydrostatic testing as follows: 

a. Any defects shall be removed by mechanic;;~! means or thennal gouging processes. Arc strikes discovered in or adjacent tO 
welded joints shall be repaired by grinding and rewelding as required. Arc strikes repaired by welding shall be ground flush with 
the plate. 
b. Rewelding is required if the resulting thickness is less than the minimum required for design or hydrostatic test conditions. All 
defects in areas thicker than the minimum shall be feathered to at least a 4: J taper. 

c. The repair weld shall be visually examined for drJects. 

Notes; 
I. Vertical spot radiograph 1n acc-ordance with 8.1 .2.2, Itrm a: one ln the first 3m (10ft) and one in each :m m (100ft) therl'after, 25% of 

which shall be at interseclions. 
2. Horizontal spot radiograph in accordance with 8.1.2.3: one in d1e first 3 ru (10 f't) and one in each 60 m (200ft) thereafter. 
3. Verlical spot radiograph in each vertical seam in the lowest course (see 8.1.2.2,llem b).Spot radiographs that satisfy the requirements of 

Nme 1 for the lowest course rnay be used to satisfy th.is requirement. 
4. Spot radiographs of all intersections over 10 mm (:lfg in.) (see 8.1.2.2.1tem b). 
5. Spot radiograph of bottom of each vertical seam in lowest shell course over I 0 mm (3/s in.) (see 8.!.2.2. Item b). 

6. Complete radiograph of each vertical seam over 25 mm (I in.). The complete radiograph may include the spar radiographs of the intersec
tions lf the film has a minimum width of 100 mm (4 in.) (sre 8.1.2.2.llem c). 

8.6 VACUUM TESTING 

8.6.1 Vacuum tesling is performed using a testing box approximately 150 mm (6 in.) wide by 750 mm (30 in.) long with a clear 
window in the top, which provides proper visibility to view the area under inspection. During testing. illumination shall be ade
quate for proper evaluation and interpretation of the test. The open bottom shall be sealed against the tank surface by a suitable 
gasket. Connections, valves. lighting and gauges. as required. shall be provided. A soap film solution or commercial leak detec
tion solution. applicable to the conditions. shall be used. 

8.6.2 Vacuum testing shall be perfom1ed in accordance with a written procedure prepared by d1e Manufacturer of the tank. The 
procedure shall require: 

a. Performing a visual examination of the bottom and welds prior to performing the vacuum-box test: 

b. Verifying I he condition of the vacuum box and its gasket seals: 

c. Verifying that there is no quick bubble or spil1ing response to large leaks; and 

d. Applying Lhe fUm solution to a dry area. such that the area is thoroughly wetted and a mini111um generation of application bub
bles occurs, 

I• 8.6.3 A partial vacuum of 21 kPa (3 lbti'in.z. 6 in. Hg) to 35 kPa (5 1.bf/in.2, 10 in Hg) gauge shall be used for the test. If sped-
11 fied by the Purchaser. a second pattial vacuum test of 56 kPa (8 lbflin.L'. J 6 in. Hg) to 70 kPa (10 lbf/in. 2, 20 in. Hg) shall be per-

formed for the detection of very small leaks. 

8.6.4 The Manufacturer shall determine that each vacuum-box operator meets the fo llowing requirements: 

a. Has vision (with corre1tion. if necessary) to be able to read a Jaeger Type 2 standat·d chart at a distance of not less t11an 300 mm 
(J 2 in.). Operators shall be checked annually to ensure that they meet this requirement: and 

b. Is competent in the technique of the vacuum-box testing. including perform.lng the examination and interpreting and evaluat
ing the results: however, where the examination med1od consists of more t.hatl one operation, the operator performing only a 
portion of lite test need only be quaU fied for that portion t11e operator perfom1s. 

8.6.5 Thf' vacuum-box test shaD have a1 least 50 mm (2 in.) overlap of previously viewed swface on each application. 

8.6.6 The metaJ surface ternperdture limits shaD be bet\.veen 4"C (40°F) and szoc (125•F), unless the film solution is proven to 
work at temperatures outside t11ese limits, either by testing or Manufacturer 's recommendations. 

8.6. 7 A minimum Ugh! intensity of 1000 Lux (I 00 fc) at the point of exami.nation is required during the application of the 
examination and evaluation for leaks. 

8.6.8 The vacuum shaiJ be maintained for the greater of either at least 5 seconds or the time required to view the area under test. 
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8.6.9 The presence of a through-lhick.ness leak inclicated by cootinuous formation or growlh of a bubblc(s) or foam , produced 
by air passing through the thickness, is unacceptable. The presence of a large opening leak. indicated by a quJck bursting bubble 
or spitting response at the inltjaJ setting of the vacuum box is unacceptable. Leal<s shall be repaired and retested. 

• 8.6.10 A record or repoM of the test including a statement addressing temperature and light iutensity shall be completed and I 
furnished to the Purchaser upon request. 

07 

• 8.6.1 1 As an altemate to vacuum-box testing. a suilahle tracer gas ami compatible detector can be used to test the integrity of 
welded bottom joints for their entire length. Where tracer gas testing is employed as an alternate to vacuum-box testing. it shall 
meetlhe following requirements: 

a. Tracer gas testing shall be performed in accordance wilh a written procedure which bas been reviewed and approved by U1e 
Purchaser and which shall address as a minimum: the type of equipment used. surfacf' cleanliness. type of tracer gas. test pressure. 
soil permeability. soil moisture content. satisfactory ve1ificalion of the extent of tracer gas permeation. and the method or tech
rlique to be used including scanning rate and probe standoff distance. 

b. The technique shall be capable of detecting leakage of] >< LO 4 Pa m3/s (L,. I 0 3 std cm3fs) or smaller 

c. The test system parameters (detector. gas. and system pressure, i.e .. level of pressure under bottom) shall be calibrated by plac
lng the appropriate calibrated capillary leak. which will leak at a rate consistent with (b) above. in a temporary or petmanent 
fittl.ng il1 the tank bottom away from the I racer gas pressurizing point. Alternatively. by agreement between the Purchaser and the 
Manufacturec the calibrated leak may be placed in a separate fllli ng pressurized in accordance with the system parameters. 

d. While testing for leaks in d1e welded bottom joints, system parameters sJ1aJl be unchanged from those used during calibration. 



SECTION 9-WELDING PROCEDURE AND WELDER QUALIFICATIONS 

9.1 DEFINITIONS 

In this Standard, 1erms relating to welding shall be Interpreted as defmed in Section IX of the ASME Code. Addi1ionalterms are 
defined in 9.1.1 and 9.1.2. 

9.1.1 An angle joint is a joint between t\vo members that intersect at an angle be1ween 0 degrees (a burt joint) and 90 degrees (a 
corner joint). 

9.1.2 Porosity refers to gas pockets or voids in metal. 

9.2 QUALIFICATION OF WELDING PROCEDURES 

9.2.1 General Requirements 

• 9.2.1.1 The erection Manufacturer and the fabrication Manufacturer if other than the erection Manufacturer, shall prepar-e 
welding procedure specifications and shall perform tests documented by procedure qualification records to snpport the specifica
tions. as required by Section IX of the ASME Code and any additional provisions of this Standard. If the Manufacturer is part of 
an organization thar has. to the Purthaser's satisfaction. established effective operational control of the qualification of welding 
procedures and of welder performance for two or more companies of different names. then separate welding procedure qualifica
tions are not required. provided all other requirements of 9.2. 9.3. and Section IX of the ASME Code are met. Welding procedures 
for ladder and platform assemblies. handrails, stairways. and other miscellaneous assemblies, but not their attachments to the 
tank, shalJ comply with either AWS Dl. l . AWS Dl.6, or Section LX of the ASME Code. including the use of standard WPSs. 

9.2.1.2 The welding procedures used shall produce weldrnents with the mechanical propr11ies required by the design. 

9.2.1.3 Material specifications listed in Section 4 of this Standard but not included in Table QW-422 of Section IX of the 
ASME Code shall be considered as P J material with group numbers assigned as foJJows accordjng to the minimum tensile 
strength spec.i fied: 

a. Less than 485 MPa (70 ksi)- Group l. 

b. EquaJ to or greater than 485 MPa (70 ksi) but le.ss than 550 MPa (80 ksi)- Group 2. 
c. Equal to or greater than 550 MPa (80 ksi)- Croup 3. 

Separate welding procedures and performance qualifications shall be conducted for A 841 M/ A 841 material. 

9.2.1.4 Welding va1iable.<; (including supJ>lernentary e>ssential variables when impact tests are required by 9.2.2) . as defined by 
QW-250 of Section lX of the ASME Code. shall be used to determine rhe welding procedure specifications and 1he procedure 
qualification records to be instituted. In addition, when impact tests of the heat-affected zone are required, the heat-treated condi
tion of the base materiaJ shalJ be a suppJementa1y essential variable. Plates produced by the controUed-roUed process are not to be 
considered as having received any heat treatment. lf a protective coating has been applied to weld edge preparations. the coating 
shall be included as an essential variable of the welding procedure speci.fication, as required by 7.2.1.9. 

9.2.2 Impact Tests 

9.2.2.1 Impact tests for the qualification of welding procedures shall comply with the applicable provisions of 4.2.8 and shall 
be made at or below the design metal temperature. 

9.2.2.2 When impact testing of a material is required by 4.2.8. 4.2.9, or 4.5.5. impact tests of the heat-affected zone shall be 
made for all machine. automatic. and semiautomatic welding procedures. 

9.2.2.3 For all materials to be used at a design metal temperature below IO"C (50~ F). the quallfication or the wekling pro<.:edure 
for vertical joints shall include impact tests of the weld metal. If vertical joints are to be made by a machine. automatic, or semiau
tomatic process. impact tests ()f the heat-affected zone shall also be made. 

9.2.2.4 When the design metal temperature is below - 7"C (20"F), impact tests of [he weld metal shall be made for all proce
dures used for welding the components listed in 4 .2.9.1, for welding attachments to these components. and for fabricating shell 
nozzles and manholes from pipe and forgings listed in 4.5. 
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9.2.2.5 £mpact tests shall show minimum values for acceptance in accordance with 4.2.8.3 and the following: 

a. for PI, Group 1, materials- 20 J (J 5 ft-lbf) , average of three specimens. 
b. For Pl. Group 2, materiaJs-27 J (20 fl-Jbf), average of three specimens. 
c. For PI. Group 3, materials-34 J (25 ft-lbf) . average of three specimens. 

os l For shell plates thicker than 40 mm ( 11/ 2 in.), these values shall be increased by 7 J (5 ft-lbf) for each I 3 mm (1h in.) over 40 mm 
(I 1/z in.). Interpolation is permitted. 

9.2.2.6 Weld-metal impact specimens shall be taken across U1e weld with one face substantially parallel to and within I .5 mm 
('116 in.) of the surface of the material. The notch shall be cut normal t·o the original materiol surface and with the weld metal 
entirely within the fracture zone. 

9.2.2.7 Heat-affected-zone impact specimens shall be taken across the weld and as near the surface of the material as is practi
cable. Each specimen shall be etched to locate the heat-affected zone. and the notch shall be cut approximately normal to the orig
inal material surface and with as much heat-affected-zone material as possible included in the fracture zone. 

9.2.2.8 Production welding shall conform to the qual ified welding procedure. but production-weld test plates need not be 
made. 

9.3 QUALIFICATION OF WELDERS 

9.3.1 The erection Manufacturer and the fabrication Manufacturer, if other than the erection Manufacturer. shall conduct tests 
Il l for all welders assigned to manual and serruautomatic welding and all welding operators assigned to machine and automatic weld

ing to demonstrate the welders' ru1d welding operators· ability to make acceptable welds. Tests conducted by one Manufacturer 
shall not qualify a welder or welding operator to do work for another Manufacturer. 

9.3.2 The weldt>rs and welding operators who weld pressure parts and join nonpressure parts. such as all permanent and tempo
rary clips and lugs, to pressure parts shall be qualified in accordance with Section IX of the ASME Code. 

9.3.3 The records of the tests for qualifying welders and welding operators shall include the folloWing: 

a. Each welder or welding operator shall be assigned an ideutjfying nwnber, letter. or symbol by the fabrication or erection 
Manufacturer. 
b. The fabrication or erection Manufact11rer shall maintain a record of !he welders or welding operators employed Lhat shows the 
date and results of the tests for each welder or operator and thr identifying mark assigned to each welder or operator. This record 
shall be certified l>y the fabrication or erection Manufacturer and shaiJ be accessible to the inspector. 

9.4 IDENTIFICATION OF WELDED JOINTS 

The welder or welding operator 's identification mark shall be hand- or machine-stamped adjacent to and at intervals not exceed
ing l m (3 ft) along the completed welds. ln lieu of strunping. a record may be kept that identifies the weldN or welding operator 
Pmployed for each welded joint.: these records shall be accessible to tl1e inspector. Roof plate welds and flange-to-nozzle-neck 
welds do not require welder identification. 



SECTION 10-MARKING 

10.1 NAMEPLATES 

1 0.1.1 A tank made in accordance with this Standard shall be identlfiE.'cl by a nameplate similar to thar shown in Figure 10-1 
The nameplate shall indicate. by means of letters and numerals not less than 4 mrn (%z in.) high. the following information: 

a. AP1 Standard G50. 

b. The applicable appendix to API Standard 650. 

c. The year Lhe tank was complefrd. 

d. The edition and the addendum number of API Standard 650. 

• e. The notninal diameter and nominal height. in meters (fl and in.) . 

• f. The maximunl rapacity (see 5.2.6.2). in m3 {42-gallon barrels). 

• g. The design liquid level (see 5.6.3.2). in metrrs (ft and in.). 

h. The design speci fie gravity of the liquid. 

i. The design pressure, which shall be shown as "atmospheric" unless Appendix F or Appendix V applies. If Appendix V 
applies. design pressure shall be shown as a negaUve number. lf both Appenctices rand V apply. lhe positive and negative pres
sures shall he :.eparated by a forward slash and shall be followed by consistent units of measurement. 

• j. The design metal temperature as described in 3.4 in oc (oF). 

• k. The maximum design temperature, in oc (°F). which shall not E.'xcecd 93°C (200°F) except in cases where Appendix M.S. X. 
orAL applies. 

I. The name of the fabrication Manufacturer if otht>r than lht> Prection Manufacturer. The Manufacturer's serial number or con
tract number shall be from the erection Manufacturer. 

m. The material specification number for each shell coursE'. 

API STANDARD 650 

APPENDIX YEAR COMPLETED 

EDITION ADDENDUM NO 

NOMINAL DIAMETER NOMINAL HEIGHT 

MAXIMUM CAPACITY DESIGN LIQUID LEVEL 

DESIGN SPECIFIC GRAVITY DESIGN METAL TEMP. 

DESIGN PRESSURE MAXIMUM DESIGN TEMP. 

MANUFACTURER'S SERIAL NO. STRESS RELIEF 

PRESS. COMBINATION FACTOR PURCHASER'S TANK NO. 

FABRICATED BY I I 
ERECTED BY I I 

I 

SHELL COURSE MATERIAL 

I 

• Note: At the Purchaser's request or at the erecHon Manufacturer's discretion, add1t1onal pertment information may 
be shown on the nameplate. and the size of the nameplate may be increased proportionately. 

Figure 1 0-1- Manufacturer's Nameplate 
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n. When lhermaJ stress-relief is performed to shell openings (nozzles. manholes, flush-type connections, and flush-type cleanout 
fittings) in accordance wiU\ the requirements of 5.7.4. or Whf.n applied to an entire tank. the following markings shall be used. 

1. Use "SR1" when only flush-type cleanout flttings and flush-rype shel l connections have been thermally so·ess-relieved. 

2. Use "SR2" when thermal srress-relief has been perfonned on flush-type cleanout fittings. flush-lype shell connections and 
all shell openiJlgs NPS 12 and greater in size in shP.IL plates (or insert plates) of Groups r t11rough lliA. 

09 3. Use ''SR3" when thermal stress-relief has been performed on flush-type cleanout fitti ngs. flush-type shell connections and 
all shell openings grellter rhan NPS 2 in size in shell plates (or insert plates} of Groups IV through VI. 

4. Use "SR4" when thermal slress-relicf has been performed on all flush-type cleanout fittings. flush-type shell connections 
and all shell openings. 

5. Use "SR5'' when the completed tank, including all shell openings and attachments, has been thermally stress-relieved as a 
special requirement by the Purchaser. 

6. Use "NONE'' when thennal stress-relief has not been petformed on My rank appurtenances. 

o. The Purcllaser's tank number. 

10.1 .2 The nameplate shall be artached lo U1e IMk she)] adjacent to a manhole or to a manhole reinforcing plate immediately 
above a manhole. A nameplate lhat is placed directly on lhe shell plate or reinforcing plate shall be attached by continuous weld
ing or brazing all around the nameplate. A nameplate that is riveted or otherwise pem1anently attached roan auxiliary plate of fer
rous material shall be alfached to the tank shell plate or reinforcing plate by continuous welding. The nameplate shall be of 
corrosjon-resisranr IJ'lelal. 

1 0.1.3 When a tank is fabricatrd and erecred by a single organization. that organization's name shall appear on the nameplate 
as both fabTicaror and erector. 

1 0.1 .4 Wheo a tank is fabricated by one organization and erected by another, the names of both organizations shall appear on 
the nameplate, or separate nameplates shall be applied by each. 

10.2 DIVISION OF RESPONSIBILITY 

Uuless otherwise agre~~d upon. when a tanl< is fabricated by one Manufacturer and erected by another. the erection Manufacturer 
shall be considered as having me primary responsibility. The erection Manufacturer shall make certajn that lhe materials used in 
the fabrication of the components and in the construction of lhe tank are in accordance with aJI applicable requirements. 

10.3 CERTIFICATION 

The Manufacturer shaU cerli~y to the Purchaser, by a letter such as that shown in Figure 10-2. U1at the tank. has been constructed ln 
accordance with the applicable requirements of this Standard. An as-built data sheet in accordance with AppencUx L shall be 
attached to the certiFication letter. 

• Note: At the Purchaser's request or a1 the erection Manufacturer's dlscretton, additional pertinent infom1ation may be shown on the nameplate, 
and U1e size of tlle 11ameplate may be incrt'.ased proporrionarely. 



WELDED STEEL TANKS FOR OIL STORAGE 

MANUFACTURER'S CERTIFICATION FOR 
A TANK BUILT TO API STANDARD 650 

To ----------------------------~----~--~~~-------------------------(name and au dress or Purchaser} 

We hereby certify that the tank constructed for you at ____________ ----,----,-----------------
Uocatlonl 

and described as follows: - ----------:-...,.-,-- -------,-----,------:---:-:,-----,---=------=---:----::-----
(serial or contract number, diameler. heighl. capacity, floating or fixecl ruoO 

10·3 

meets all applicable requirements of API Standard 650, ___________ Edition. ___________ Addendum, Appendix 

_______ , dated-----------· including the requirements for design. materials, fabrication, and erection. 

The tank is further described on the attached as-buHt data sheet dated------------

Manufacturer 

Authorized Representative 

Date 

Figure 1 0-2- Manufacturer's Certification Letter 



APPENDIX A-OPTIONAL DESIGN BASIS FOR SMALL TANKS 

A.1 Scope 

• A.1.1 This appendix provides requirements fOJ field-erected tanl\s of relatively small capacity in which the stressed compo
nents have a nominal thickness of no more than 13 nm1 (I /2 in.). The stressed components include the shell and reinforcing plates. 
shell reinforcing plates for flush-type cleanout fittings and Oush-type shell connections. and bottom plates that are welded to tbe 
shell. The nominal thickness limit of 13 mm (1/2 in.) does not apply to: 

1. bottom plates uot welded to the shell. 

2. the bottom reinforcing plate of flush-type clcanouts and flusb-type shell connections, 

3. flanges and cover plates of t1ush-type cleanouts, 

4. flush-type shell com1ection necks attached to shell and flanges and cover plates of :flush-type shell connections. 

5. nozzle and manhole necks. their flanges and cover plates. 

6. anchor bolt chair components and shell compression ring. 

• A.1.2 This appendjx is applicable only when specified by the Purchaser and is limited to design metal temperatures above 
- 30°C (-20°F) (above-40°C f-40°F] when killed. fme-grain material is used). 

A.1.3 nus appendLx is appilcable to any ofth!:! Section 4 materials. although tbe single nllowable stress does not provide any 
advantage to higher strength steels. 

A.1 .4 This appendix states only the requirements that differ trom the basic tules in this Standard. When differing requirements 
are not stated. U1e basic rules must be followed; however, U1e overttuuing effect of a wind load should be considered 

07 
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A.1.5 Typical sizes. capacities. and shell-plate tJ1icknesses are listed in Tables A-l a through A-4b for a design in accordance 1 os 
with A.4 Uoint efficiency = 0.85: specific gravity= 1.0; and coJTosion allowance= 0)-

A.2 Materials 

A.2.1 Shell-plate materials shall not be more than 13 mm ( 1/2 in.) thick. as stated in A.l.l. 
08 

A.2.2 For stressed components. the Group-1 and Group-IT materials listed in Tables 4-3a and 4-3b may be used at a design 
metal temperatw·e of - 30°C (- 20°F) or warmer but need not conform to the touglmess requirements of 4.2.9, Figure 4-1, and 11 

9.2.2. Group-III and Group-UlA materials may be used at a design metaltemperatw-e of-40°C (-40°F) or wrumer ru1d shall con-
form to impact requirements of9.2.2. 

A.2.3 Material used for shell nozzle and manhole necks and :flanges shall con.fonn to 4.5. 4.6. and Tables 4-3a and 4-Jb but 1 os 
need not conform to the toughness requirt1ments of 4 .2.9. 4.5.5, and Figure 4-1. 

A.2.4 Bottom reinforcing plates in Hush-type cleanouts and flush-type shell connections, rutd flush-type fitting necks attached 
to shell shall confonn to toughness requirements of 4.2.9 ru1d Figure 4-1 at design metal temperatme. 

A.3 Design 

A.3.1 The maximum tensile stress before the joint efficiency factor is applied shall be 145 MPa (21,000 lbf7in.2). 

A.3.2 Su·esses shall be computed on the asswnption that the tank is tilled with water (specific gravity= 1.0) or with the liquid to 
be stored if it is heavier than water. 

A.3.3 The tension in eacl1 ring shall be coruputed 300 nm1 (12 in.) above the centerline of the lower ho1;zontal joint of the 
COW'SC in questlon. When these stresses are computed, t]1e tank diameter shall be taken as the nominal diameter of the bottom 
cow·sc. 

• A.3.4 TI1e joint efficiency factor shall be 0.85 with tbe spot radiography required by A.5.3. By agreement between the Pur
chaser and the Manufacturer. the spot radiography may be omitted. and a joint efficiency factor of 0. 70 shall be used. 

A-1 



A-2 API STANDARD 650 

osl Table A-1a-(SI) Typical Sizes and Corresponding Nominal Capacities (m3) 
for Tanks with 1800-mm Courses 

Column 1 CohWlol Colwnn 3 Column 4 Cohmm5 Column 6 Colurun 7 Column 8 Colwnn 9 Column 10 Col wnn 11 

Tank 
Capacity 
per roof Tank Hdght (m) I Number of Courses in Completed TMk 

Diameter Heijbt 
Ill m 3.6 / 2 5A 13 7.2 / 4 915 10.8 I 6 12.6/7 14.4 I 8 16.2 I 9 18 I 10 

3 7.07 25 38 51 64 16 

4.5 15.9 57 86 115 143 171 

6 28.3 102 153 204 254 305 356 407 

7.5 44.2 159 239 318 398 477 557 636 716 795 

9 63.6 229 344 458 573 687 802 916 1.031 1,145 

10.5 86.6 312 468 623 779 935 1.091 1.247 1.403 1.559 

12 113 407 611 814 1.018 1,221 1,425 1,629 1,832 2,036 

13.5 143 515 773 1.031 1.288 1.546 1.804 2.061 2,319 2.576 

15 177 636 954 1,272 1,590 1,909 2,227 2,545 2,863 3,181 

18 254 916 1,374 1,832 2,290 2,748 3,206 3.664 4,122 4,580 

D = /8 

21 346 1.247 1.870 2.494 3,117 3.741 4,364 4,988 5,089 

24 452 1.629 2,443 3,257 4,072 4,886 5.700 5,474 D = 20 

27 573 2,061 3.092 4,122 5,153 6,184 6.690 0 = 11 

30 707 2.545 3,817 5,089 6,362 7.634 D ~ J6 

36 1,018 3.664 5,497 7.329 9,161 D = 30 

0 =36 

42 1,385 4,988 7.481 9,975 

48 1.810 6.514 9.772 11.966 

54 2,290 8,245 12,367 D =46 

60 2.827 10,179 15,268 

(>6 3,421 12.316 16,303 

D ~ 6Z 

Note: 111e uominal capacities giveo in this table were calculated using Tbe capacities and diameters in italics (Columns 4 - 11) are the 
the followi1Jg fonnula: roaximllllls for the tank heights given in the cohunu heads, based 

07 
Tn SI units: 

on a rua:umUI.ll permissible shell-plate thickness of 13 mm, a I 08 
1naximt11.U allowable design stress of 145 MPa, a joint efficiency 

C = 0. 785JJ2H of0.85, aud no corrosion allowa11oe (see A.4.1). 

where 
C = capacity of tank, in m3_ 
D =diameter of tank. in m (see A.4.1), 
H ~ height oftank. inm (see A.4.1). 



WELDED TAI'lKS FOR OIL STORAGE A·3 

Table A-1 b-(USC) Typical Sizes and Corresponding Nominal Capacities (barrels) I os 
for Tanks with 72-in. Courses 

Column I Colunml Columu3 Column 4 Colum11S Colunm6 Colunm 7 Cohunu 8 Colwnn9 Column 10 Cohmm II 

Capacity 
Tank per ft of Ta.uk Height (fl) I Number o[ Courses in Completed Tank 

Diameter Heig,ht 
ft bruTe Is 12 /2 18 I 3 24/ 4 30/5 36/6 42/7 48 /8 54/9 60/10 

10 14.0 170 250 335 420 505 

15 31.5 380 565 755 945 1.130 

20 56.0 670 1,010 1,340 1.680 l.OlO 2.350 2.690 

15 87.4 1,050 1,570 :uoo 2,620 3.150 3,670 4,200 4,720 5.250 

30 126 1,510 2.270 3.020 3.7&0 4.530 5.290 6,040 6,800 7,550 

35 171 2,060 3.080 4.110 5.140 6.170 7,200 8.:BO 9.250 10.280 

40 224 2,690 4,030 5.370 6.710 8,060 9.400 10,740 12.100 13.430 

45 283 3,400 5,100 6.800 8.500 10.200 11,900 13,600 15.300 17,000 

50 350 4,200 6,300 8,400 10.500 12,600 14,700 16,800 18.900 21.000 

60 504 6.040 9,060 12.100 15.110 18.130 21,150 24.190 37,220 28,260 

D - 58 

70 685 8.230 12,340 16.450 20.580 24,700 28.800 32.930 30.970 

80 895 10,740 16,12() 21.50() 26,880 32,260 37.600 35,810 D-64 

90 1,133 13,600 20.400 27.220 34,030 40.820 40.510 D = 73 

100 1.399 16.800 25.200 33,600 42.000 48.400 D =83 

120 2,014 24.190 36,290 48.380 58.480 D =98 

D = 118 

140 2.742 32,930 49,350 65.860 

160 3,581 43,000 64,510 74.600 

180 4.532 54,430 IH.650 D : J49 

200 5.595 67,200 100.800 

220 6,770 81,310 102,830 

D = ?02 

Note: The nominal capacities u.iven in this table were calculated using The capacities aud diameters in italics (Columns 4 - 11) are the the follo-wing fonnula: - - maximums for the tank heights given in the column beads. 

IJ1 US Customary units: 
based on a ma."'"itmun pennissible shell-plate tl1ickness of 1;2 in.. 
a maximllill allowable design stress of 21.000 Jbf/in.2, a joint 

C= O.l4D2H. efficiency of 0.85. IUld no con'Osion allowance (see A.4.l). 

·where 
C = capacity of lank, in 42-gal barrels. 
D = diameter of tank. in fi (see A.4.1), 
H = height oftank, in ft (see A.4.J ). 
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Colwnu 1 

Tank 
Diameter 

m 

3 

4.5 

6 

7.5 

9 

10.5 

12 

13.5 

15 

18 

2 1 

24 

27 

30 

36 

42 

48 

54 

60 

66 

API STANDARD 650 

Table A-2a-(SI) Shell-Plate Thicknesses (mm) for Typical Sizes of Tanks with 1800-mm Courses 

Colutnu 2 

1.8/l 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

8.0 

8.0 

8.0 

8.0 

8.0 

10.0 

Col1unn 3 

3.6 11 

5.0 

5.0 

5.0 

5.0 

5.0 

5,0 

5.0 

5.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

8.0 

8.0 

8.0 

8.0 

8.0 

10.0 

Co!Ulllll -l Column 5 Cohmm6 Column 7 ColumnS Colwnn 9 ColUJllll 10 

Tank Height (m) I Number of Courses in Completed Tank 

5.4 / 3 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

8.0 

8.5 

9.7 

10.9 

.12.1 

7.2 / 4 9 1 5 

5.0 5.0 

5.0 :i.O 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.0 5.0 

5.0 5.0 

6.0 6.0 

6.0 6.2 

6.0 7.3 

6.6 8.3 

7.4 9.3 

8.2 J0.4 

9.9 12.5 

11.5 

10.8/6 12.6 I 7 14.4/8 16.2 / 9 

5.0 

5.0 

5.0 5.0 5.0 

5.0 5.0 5.0 5.0 

5.0 5.0 5.0 5.7 

5.0 5.1 5.9 6.6 

5.0 5.9 6.7 7.6 

5.6 6.6 7.6 8.5 

6.3 7.3 8.4 95 

7.5 8.8 10.1 11 .4 

8.8 10.3 11.8 

10.0 11.7 

11.3 

12.5 

Cohunn II Cohmln 12 

Mnximtun 
Allowable 
Heigbt for 
Diaruetetl 

18 / 10 m 

5.3 

6.3 

7.4 

8.4 

9.5 

10.6 

17.8 

15.3 

13.4 

11.9 

10.8 

9.0 

7.8 

6.9 

6.1 

5.5 

5.1 

•Based on a DllJx.imtun pennissible shell-plate thickness of 13 nm1, a mrudmtun allownble desigD stress of 145 MPa, a j oi111 efficiency of 0.85, 
aud no corrosion allowance. 
Note: The plate thicknesses shown in tb_is table are based on a maxinnun allowable desig.D stress of l45 MPa, a join! efficieucy of0.85. and no 
con·osion allowance (see A.4.1 ). 



WELDED TANKS FOR Oil STORAGE A"S 

Table A-21>-(USC) Shell-Plate Thicknesses (in.) for Typical Sizes of Tanks with 72-in. Courses I os 

Colwnul Coltunn 2 Cohunn3 Colwnn 4 Column 5 Coltunn 6 Cohunn 7 Cohunn 8 CoiWDD9 ColtUllU 10 Cohonn 11 Cohuuo 12 

Ma.'<iJntllU 
Allowable 

Tank Tank Height (ft) I Ntuuber of Courses in Completed Tank Height for 
Diameter Diameter• 

ft 6 / 1 12 I 2 18 /3 24 / 4 30 / 5 36 / 6 42/7 48 I 8 54 / 9 60/10 ft 

10 3/ 16 3
1t6 3ft6 3116 3116 3116 

15 3
1t6 

3
1t6 3

lt6 
3/ 16 3116 3116 

20 3116 3116 3fto 3flo 3/16 3/ 16 3116 3ft6 

25 3116 3fl6 3f t6 3116 31t6 3/ 16 3f t6 3116 0.20 0.22 

30 3/l(i 3116 3f16 3/16 3fu; 3fto 31t6 0.21 0.24 026 

35 3h6 31t6 3ft6 3/ 16 3fl6 3fl6 0.21 0.24 0.27 0.30 

40 31t6 3/16 3116 31t6 3JJ6 0.21 0.24 0.28 0.31 0.35 

45 311(; 3116 3116 3
/ 16 31t6 0.13 0.27 0.31 0.35 0.38 

50 114 ,, .. ,,,. 1/4 lj4 0.26 0.30 0.35 0.39 0.43 

60 l j4 1/4 1/4 ' 14 0.26 0.31 0.36 0.41 0.47 'ill.l 

70 1J4 ltq 1f4 1/4 0.30 0.36 0.42 0.48 50.0 

80 114 lf4 IJ4 0.27 0.34 0.41 0.48 43.9 

90 114 ' 14 ,,4 0.31 0.38 0.46 39.1 

100 , ,~ l f4 lf4 0.34 0.43 35.3 

120 s,,6 5f16 ~11(, O..tl 29.6 

140 5f16 5
/ !6 0.35 0.47 25.5 

160 5I to 5/ 15 0.40 22.5 

!80 Sfu; 5ft6 0.45 20.1 

200 5/ 16 0.32 0.50 18.2 

220 3/g 3fs 16.6 

•Based ou a maximwn pennissible shell-plate thickness o f 1/2 in., a maximum allowable design stress of 2l ,OOO lbf/ in. 2, a joint efficiency of 107 0.85, and no corrosion allowance. 

Note: Tite plate tbid:nesses sbowu in Uus1able are based oo a maximtun allowable desi~,>n stress of21.000 lb.trm.2. a joint efficiency of0.85, and 
no c<Jrrosiou allowance (see A.4.1). 
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Table A-3a-(SI) Typical Sizes and Corresponding Nominal Capacities (m3) 

for Tanks with 2400-mm Courses. 

ColllllUl I Column 2 Cohunn 3 Coltunn 4 Cohunn 5 Colwnn 6 Colurm.1 7 Coltunn 8 Column 9 

Tank Capacity per Tank Heigh! (m) I Number of Courses in Completed Tnnk 
Diameter m of Height 

Ill m3 4.8 I 2 7.2 / 3 9.61 4 12 / 5 14.4 I 6 16.817 19.2 / 8 

3 7.07 34 51 68 

4.5 15.9 76 115 153 191 

6 18.3 136 204 272 339 407 

7.5 44.2 212 318 424 530 636 742 848 

9 63.6 305 458 610 763 916 1.069 1.221 

10.5 86.6 416 623 831 1.039 1.247 1.455 1,663 

12 113 543 814 1085 l.357 1,629 1.900 2,171 

13.5 143 687 1.031 1373 1.718 2,061 1.405 2.748 

15 177 848 1,272 1696 2,121 2.545 2,969 3,393 

18 254 1,211 1,832 2442 3.054 3,664 4,275 ..J,358 

D ~ 17 

21 346 1.663 2.494 3323 4,156 4.988 ./.763 

24 452 2.171 3,257 4341 5.429 5..174 D = /9 

27 573 2,748 4.112 5494 1/,871 ]) = 22 

30 707 3,393 5,089 6782 f) = 27 

36 1,018 4.886 7,329 8712 

D = 3.f 

42 1.385 6,650 9,975 

48 1.810 8.686 11,966 

54 2.290 10.993 D = 46 

60 2.827 13.572 

66 3.421 16,422 

Note: The nominal capacities given iu this table were The capacities and dill!lleters in italics (Coltunns 4 - 9) are the 
calculated usiog the foUowiog formula: maxinnuns tbr the tank beights given in the column beads, based 

1 os lll SI uuits: 
on a maximum pemussible sbell-plate thickness of 13 ll1lU, a 
maximum aUowablc design stress of 145 MPa, a joint efficiency 

C= 0.785r.f1T·I of0.85, and no corrosion aUowance (see A.4.1). 

wbere 
C = capacity oftank, in m3, 
D = diameter of tank, in nl (see A.~.l). 
H = height of tank, io m (see A.4.1). 
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Table A-3b-(USC) Typical Sizes and Corresponding Nominal Capacities (barrels) 
for Tanks with 96-in. Courses 

I os 

Column l Coltunn 2 Coltunn 3 Column~ Cohunn 5 Column 6 Coh1mo 7 Column 8 Column 9 

Tank Capacity per Tauk Heigl.lt (ft) I Ntunber of Courses in Completed Tank 
Diameter ftofHeigbt 

ft barrels 16/2 24/3 3214 40/5 48 /6 56/7 64 IS 

10 14.0 225 335 450 

15 31.5 505 755 1.010 1.260 

20 56.0 900 1.340 1.790 2,240 2.690 

25 87.-t 1,400 2, 100 2.800 3,500 4,200 4.900 5,600 

30 126 2.020 3.020 4.030 5.040 6,040 7,050 8.060 

35 171 2.740 ·1.110 5.480 6.850 8.230 9.600 10.980 

40 224· 3580 5,370 7.160 8.950 10.740 12,540 14.340 

45 283 4.530 6,800 9,060 1l.340 13,600 15.880 18.140 

50 350 5,600 8,400 11,200 14,000 16,800 19.600 22.400 

60 504 8,060 12.100 16,130 20,160 24,190 28,220 26,/30 

D-5-1 

70 685 10,960 16,4-~0 21 ,9~0 27,440 32,930 30,1·./0 

80 895 14.320 2L500 28,670 35,8<10 35,810 /) = 6] 

90 1,133 18,130 27,220 36,290 -15.361) D= 73 

100 1.399 22,380 33.60() 44,800 D =88 

120 2.014 32.250 48.380 54.200 

D = 110 

140 2,742 43,900 65,860 

160 3.581 57.340 7-1,600 

180 4,532 72.570 D = 149 

200 5,595 89.600 

220 6.770 108,410 

Note: The nominal capacities given in this table were Tite cnpacities and diameters in italics (Columus 4 - 9) are tbe calculated using the following formula: maximtWJS for the tank heights given in the coJunm beads, based on 

IJl US Customary twits: a maximuru penuissible shell-plate thickness of 1h. in., a maxinuun 
allowable desigu stress of21,000 lbflin. 2, a joint efficiency of 0.85, 

C=0.14IYH. and no corrosion allowance (see A.4. 1). 

where 
C = capacity of tank, in 42-ga1 barrels, 
D = diatneter of tank in ft (see A.4. 1), 
H = height oftank, in ft (see A.4.1 ). 
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Table A-4a- (SI) Shell-Plate Thicknesses (mm) for Typical Sizes of Tanks 
with 2400-mm Courses 

Colwuo I Column 2 Columo3 Column 4 Column 5 Column 6 Column 7 ColumnS Column 9 Column 10 

Tank Height (m) I Nmnber of Courses in Completed Tank Maximum 
Allowable 

Tank Height Height for 
Diameter Diameter" 

ill 2.4 / 1 4.8 / 2 7.2 13 9.6 / 4 12 I 5 14.4 I 6 16.8 I 7 19.2 / 8 lll 

3 5.0 5.0 5.0 5.0 

4.5 5.0 5.0 5.0 5.0 5.0 

6 5.0 5.0 5.0 5.0 5.0 5.0 

7.5 5.0 5.0 5.0 .5.0 5.0 5.0 5.0 5.0 

9 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

10.5 5.0 5.0 5.0 5.0 5.0 5.0 5.1 5.9 

12 5.0 5.0 5.0 5.0 5.0 5.0 5.9 6.7 

13.5 5.0 5.0 5.0 5.0 5.0 5.6 6.6 7.6 

15 6.0 6.0 6.0 6.0 6.0 6.3 7.3 8.4 

18 6.0 6.0 6.0 6.0 6.2 7.5 8.8 10.1 17.8 

21 6.0 6.0 6.0 6.0 7.3 8.8 10.3 11.8 15.3 

24 6.0 6.0 6.0 6.6 8.3 10.0 11.7 13.4 

27 6.0 6.0 6.0 7.4 9.3 11.3 11.9 

30 6.0 6.0 6.1 8.2 10.4 12.5 10.8 

36 8.0 8.0 8.0 9.9 12.5 9.0 

42 8.0 8.0 8.5 11.5 7.8 

48 8.0 8.0 9.7 6.9 

54 8,0 8.0 10.9 6.1 

60 8.0 8.0 12.2 5.5 

66 10.0 10.0 5.1 

"Based ou a maximtun pennissible shell-plate thickness of 13 mm, a maximum allowable design stTess of 145 MPa, a joint efficiency of 0.85, 
nnd no COJTosion allowance. 
Note: Tite plate thiclmesses shoWD in this table are hased on a maximwn allovvable design stress of 145 MPa, a joint efficiency of0.85, and uu 
cotTosioo allowance (see A.4.1 ). 
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Table A-4b-(USC) Shell-Plate Thicknesses (in.) for Typical Sizes of Tanks I os 
with 96-in. Courses 

Cohunn 1 Colnmn2 Cohuun 3 Colulllll4 Colwnn 5 ColUlllll 6 Co!Ulllll 7 Colwnn8 CoiUlllll 9 Column 10 

Tank Height (ft) I Number of Courses in Completed Tank Ma"Ximum 
Allowable 

Tank IJeigbt Reightfor 
Diameter Diameter!~ 

ft 8 I l 16 12 24 I 3 32 I 4 4015 48 16 56 17 64 / 8 ft 

lO 3/16 3/16 31J6 3/ 16 

15 3/16 3/ t6 3h6 !;16 31t6 

20 3116 3116 3fl6 3/16 3h6 3fl6 

25 3/16 3116 3116 31J6 3116 3ft6 0.20 0.23 

30 3/1 6 3116 3/ 16 3h6 31t6 0.21 0.24 0.28 

35 3h6 3
/J6 3ft6 3116 0.20 0.24 0.28 0.33 

40 3ft6 3/16 3/ 16 31t6 0.23 0.28 0.32 0.37 

45 3116 3fl6 3f 16 0.21 0.26 0.31 0.36 0.42 

50 1/4 114 114 0.25 0.29 0.35 0.40 0.46 

60 t;4 lf4 114 0.27 0.34 0.41 0.48 58.2 

70 1;4 lf4 114 0.32 0.40 0.48 50.0 

80 1/4 lj4 0.27 0.37 0.46 43.9 

90 1/4 1;4 0.31 0.41 39.1 

100 t;4 1/4 0.34 0.46 35.3 

12() 5/ 16 5/16 0.41 29.6 

140 5/16 5( 16 0.47 25.5 

160 5ft6 0.35 22.5 

180 Sft6 0.40 20.1 

200 5/16 0.44 18.2 

220 3; 8 0.48 16.6 

3Based on a maximum pennissible shell-plate thickness of 1/2 in., a maximum allowable design stress of 2 I ,000 lbflin.2, a joint efficiency of 
0.85, and no corrosion allowance. 
Note: The plate thicknesses shown in this table are based on a maximum aiJowabJe dc~igu stTess of21,000 lbf7in. 2, a joint efficiency of 0.85, and 
no corrosion ai.Jowance (see A..t. l ). 
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A.4 Thickness of Shell Plates 

111 A-4.1 The no111inaJ thicknesses of shell plates shall not be less than that computed from the stress on the ve1ticaJ joints, using 
the following fonnula: 

In SI tmits: 

= 4.9D(H-0.3)G + CA 
t (E)( 145) 

t1 I t = uomiuaJ thickness. in mm (see 5.6.1.1), 

D = nomin~1l diameter oflhe tank. io m (see 5.6.1.1, No1e I). 

H = design liquid level, in m (see 5.6.3.2), 

• G = specific gravity of the liquid to be stored. as specified by the Pmchaser. The speciJic gravity shall nol be-less than 
1.0, 

E = joi11t efficiency. wltich is either 0.85 or 0. 70 (see A.3.4 ), 

• CA "" corTosion allowance. in mm. as specified by the Purchaser (see5.3.2). 

In US Customa1y units; 

where 

= 2.6D(H- l )G + CA 
I (£)(21,000) 

u I l = nominaJ tWckness (io.) (see 5.6.l.l ), 

D = nominal diameter of the tank (ft)(see 5.6.1.1, Note 1). 

H = design liquid level (ft) (see 5.6.3.2), 

• G = specific gravity of the liquid to be stored. as specified by the Purchaser. TI1e specific gravity shall uot be less than 
l.O, 

E = joint efiiciency, which is either 0.85 or 0. 70 (see A.3.4 ), 

• C-l = conosion allowance (in,). as specified by the Purchaser (see 5.3.2). 

A.4.2 The nominal thickness of shell plates (including sheU extensions for floating roofs) shall not be less Lhan that listed in 
u1 5.6.1.1. · fhe nominal thickness of shell plates refers to the tank shell as constTuCted. 111e nominaJ thicknesses gjven in 5.6.1. 1 are 

based on erectjon requirements. 

09 1 

A.5 Tank Joints 

A.5.1 Vettical and horizontal joints in the shell, bottom joints, shell-to-bottom joints, wind-girder joints, aud roof and top-angJe 
joints shaU confom1 to 5.1.5. 

A.5.2 The requirements of 5.7.3 for the spacing of welds do not apply except for the requirement that the spacing between the 
toes of welds around a connection shall not be less than 21h times the shell thick-ness at the coru1ection (i.e., dimension A, B, C. or 
E in Figure 5-6 shall not be less than 21/2 times tl1e shell thickness). 

A.5.3 When radiographic i11spectiou is required Goiut efficiency= 0.85), tbe spot radiographs of verticaJ joints shall conform to 
8.1.2.2, ltem a only, excluding the 10 Dllll e /s in.) shell-thickneSS )imitation in Jtem a and excluding the additional random SpOt 
radiograph required by llem a. The spot radiographs of horizontal joints shall confonn to 8.1.2.3. 
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• A.6 Intermediate Wind Girders 
Calculations for and inslallatioo of i.otennediate wind girders are not required unless specified by the Purchaser. 

A. 7 Shell Manholes and Nozzles 
A.7 .1 Except for otber designs and shapes pemuttcd by S. 7.1.2. shell manholes shall confonn to 5. 7 .5. Figures 5-7 A and 5-7B, 
and Tables 5-3a tlu·ough 5-Sb. 08 

A.7.2 Shell nozzles aod flanges shall conform to 5.7.6; Figures 5-78, 5-8, and 5-10; and Tables 5-6a through 5-81;>. For regular 
type reinforced nozzles, minimtml elevation dimension HN shown iu colull1J1 8 of Table 5·6 may be reduced when specified by o~ 

the Pm·chaser provided tbe mininnun weld spacing of A.5.2 is maintained. 

A.7.3 The radiographic requirements of 5. 7.3.4 do not apply. 

A.8 Flush-Type Cleanout Fittings 
A.8.1 '!11e details and dimensions of flt1sh-type cleanoLit fittings shall confom1 to 5.7.7. Figures 5-12 and 5-13, and Tab!t::s 5-9a 
through 5- l lb. 

• A.8.2 The provisions for stress relief specified in 5.7.4 and 5. 7.7.3 are not required Wlless they are specified by the Purchaser or 
unless any plate in the unit has a thickness greater than 16nun (5/8 in.). 

A.9 Flush-Type Shell Connections 
A.9.1 'Tite details and dimensions of flush-type shell connections shall confonu to 5. 7.8, figure 5-14, and TnbJes 5-12a and 5-12b. os 

• A.9.2 TI1e provisions for stress relief specified in 5. 7.4 and 5. 7.8.3 are not required 1.mless t11ey are specified by the Pw·chascr or 
unless any plate in the assembly has a thickness greater tl1an 16 mm ('Is in.). 07 



APPENDIX AL-ALUMINUM STORAGE TANKS 

AL.1 Scope 

AL.1.1 CONSTRUCTION 

This appendix provides material. design, fabrication, erection, and testing requirements for vertical, cylindrical, aboveground, 
closed- and open top. welded aluminum storage tanks constructed of the alloys specifled in AL.4. 

AL.1 .2 REQUIREMENTS 

This appendix states only the requirements that differ from the rules in this standard. For requirements not stated, follow the ruks 
of this standard. 

Al.1.3 TEMPERATURE 

This appendix applies for maximum design temperatures up to 200°C (400°F). Alloys 5083. 5086, 5154, 5183, 5254, 5356, 5456. 
5556, and 5654 shall not be used if the maximum design temperature exceeds 65°C {150°F). Ambient temperature tanks shall 
havr a maximum design temperature uf 40°C (IOO"f). 

For maximum design temperatures above 93°C (200"F) designers shall consider IJ1ermal stresses and fatigue. 

AL.1 .4 UNITS 

Use consistent units in lbls appendix's equations. For example. in an equation. use inches for all lengths (stress in lb/in.2 and t-ank 
diameter in inches) or use mm for all lengths (stress in N/mm2 and tank diameter in mm). 08 

AL.1 .5 NOMENCLATURE 

Variables used in this appendix have the following meanings: 

A = area of the roof-to-shell joint determined using Figure F-2 

A1 = 0.3m(lft) 

CA = corrosion allowance, as specified by the Purchaser (see 5.3.2) 

D = nominal diameter of the tank (see 5.6. L I) 

E = compressive modulus of elasticity (see Table AL-8a and Table AL-8b) 

E.; = joint efficiency. 1.0. 0.85. or 0.70 (see Table AL-2) 

F(r = minimum tensile yield strengt11 

G = design specific gravity of the stored liquid 

H = design liquid level (see 5.6.3.2) 

Ph = greater of Appendix R load combinations (e)(l) and (e)(2) 

Sd = allowable stress for the design condition (see Table AL-6a and lable AL-6b) 

51 = allowable stress for hydrostatic test condition (see Tablf' AL·6a and Table Al-6b) 

lb = nominal thickness of the annular bottom plate 

t11 = nominal roof thickness 

15 = nominal shell thickness 

W = weight of the shell and any framing (but not roof plates) supported by the shell 

YIV = density of water 

9 = roof slope to horizontal at the sheiJ 

Ph = density of the roof plate 

AL-1 
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Al.2 References 

The following references are cited in U1is appendix. The latest edition sha ll be used. 

AAJ21 
Aluminum Design Manual (AD!vf) 

ASTM 22 

A 193 Standmrl Specjffcation lor Alloy-Steel and Staialess Steel Bolting Materials for High Temperature or High Pressure 
Service 81 td Other Special Purpose Applications 
Standard Spedfica~ion for Carbon and Allo.r Steel Nuts lor Bolts lor High Pressure or High Temperature Sen,ice. 
or Borh 

B 209 Standatd Specification for Aluminum and Aluminum-Alloy Sheet and Plate 
B 209M Standard Spedficarion !'or Alumjnum and Aluminum-Alloy Sheet and Plate [Metlic) 
B 210 Standa1d Specification for Aluminum and Aluminum-Alloy Drown Seamless Tubes 
B 210M Standard Speci.flcafjon for Aluminum and Aluminum-Alloy Drattn Seamless Tubes [Metric! 
B 211 Standatd Specification for Aluminum and Aluminwn-AJ/oy Bar: Rod. and Wire 
B 211M Standa1d Specification for Aluminum and Aluminum-Alloy Bar. Rod. and W.tre [Metric) 
B 221 Standwd Specification for Aluminum and Alumirwm-AUoy Exrruded Bars. Rods. ltl'ilf.'. Prollles. and Tubes 
B 221M Standard Specification forAhrmfnum and Aluminum-Alloy Extruded Bars. Rods. Wire. Pro!Jles. and Tubes (Metric] 
B 241/B 241M Standard Specification for Alwninum and Alwninum-Alloy Seamless Pipe and Seamless Extruded Tilbe 

08 B 247 Standard SpecificaUon for Aluminum and AlwJlimun·Alloy Die Forgings. Hand Forgings. and Rolled Ring Forgings 
B 247M Stand8Id Specmcadon for Alwninwn and Alwninwn-Alloy Die Forgings. Hand Forgings. and Rolled Ring Fo1gings 

/Metric} 
B 308/B 308M Standa1d Specification for Aluminum-Alloy 6061 · T6 Standard Stmctural Profiles 
B 345/B 345M St81Jdard SpeciJ]cation for Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Extruded Tube for Cas 

and Oil Transmission and DistJibulion Piping Systems 
B 928 Standanl Specification for High Magnesium Aluminum-Alloy Sheet and Plate for Marine Service and Similar 

Environments 
F 467 Standarrl Specification lor Nonferrous Nu1s for General Use 
F 467M Standaa.f Specification for Nonfe!Tous Nuts for General Use [Merrie/ 
F 468 Standard Specification for Nonfermus Bolts. Hex Cap Scm1~. and Studs for General Use 
f 468M Standatrl Specification for Nonfem;us Bolts. Hex Cap Screws. and Studs for General Use [Meo'ic} 
F 593 Standanl SpecWcation for Stainless Steel Bolts, He:< Cap ScroH~, and Studs 
F 594 Standard Specification for Stainless Steel Nuts 

AWSZ3 

A5.10/A5.1 OM Specification for Bare Aluminum and Aluminwn-Allo_y ltllelding Electmdes and Rods 
n 1. 2 Stmctumll#.lding Code-Aluminum 

AL3 Definitions 

For the purposes of this ilppendix, the following definition applies: 

AL3.1 aluminum: Aluminum and aluminum alloys. 

AL4 Materials 

AL.4.1 GENERAL 

Alloys shall be selected from Table AL-l. Dimensional tolerances shall meet the material specifications given in ALA. lrnpact 
testing and toughness verification are not required. 

21Aiuminum Association Inc., 1525 Wilson Blvd. Suite GOO. Arl ington, Virginia 22209, www.aluminurn.org. 
22ASTM International, 100 Barr Harbor Drive, West Conshol10cken, Pennsylvania I 9428, www.astm.org. 
23American Welding Society, 550 N.W. LeJeune Roatl. MiamL Florida 33126. www.aws.org. 
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Table AL-1- Materfal Specifications 

Sheet and Plate Rod, Bar. and Shapes Pipe and Tui.Je Forgings 

Alloy Temper Alloy Temper Alloy Temper Alloy Temper 

1060 aJJ 1060 all 1060 all 

lJOO all lJOO all 1100 ~II 1100 Hl12 

3003 all 2024 T4 3003 all 3003 Hl12 

Alclad 3003 AJclad 3003 all 

3004 all 3004 all 

Alclad 3004 1111 

5050 all 5050 alJ 

5052 all 5052 aU 5052 al l 

5083 all 5083 all 5083 al l 5083 Hi l l, Hl l2 

5086 all 5086 all 5086 all 

5154 all 5154 all 5154 al l 

5254 all 5254 all 

5454 all 5454 all 5454 all 

5456 all 5456 all 5456 all 

5652 all 5652 all 08 

6061 (1) 6061 T6 6061 T4, T6 6061 T6 

AJclad 6061 (l) 6063 T5. T6 6063 TS. T6 

(I) Includes T4, T42. T45l. T6. T62. T651 tempers. 

Table AL-2- Joint Efficiency 

Joint Efficiency 
(tj) Shell Radiography Requirements 

1.00 Full radiography required for all vertical joints. Horizontal joints per 0.85 joint efficiency requirements. 

0.85 Radiography per 8.1.2 except additional random spot radiography in first course vertical seams is not required. 

0.70 No shell radiography required. 
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Table AL-3a-(SI) Minimum Mechanical Properties 

Minimum Tensile Yield Strengths FIJ (MPa) at Temperatures (0
() 

Alloy Temper 10 65 90 120 150 175 200 
1060 all 17 17 17 15 13 12 ll 

1100 all 24 24 24 23 22 19 17 

3003 all 34 34 34 34 32 30 26 
Ald;td 3003 all 31 31 31 30 28 27 23 

3004 all 59 59 59 59 59 55 51 
Aldad 3004 all 55 55 55 55 55 50 46 

5050 all 41 41 41 41 41 40 39 

5052. 5652 all 66 66 66 66 66 66 58 
5083 (1) all 124 123 do not use above 65°C 

5083 (2) all 117 117 do not use above 65°C 

5086 all 97 96 do not use above 65°C 

5154. 5254 all 76 76 do not use above 65QC 

5454 all 93 83 83 83 82 80 77 

5456 (l} all 131 130 do not use above 65"C 

5456 (2) all 124 123 do not use above 65"C 

6061. Altlad 6061 T4. T6 welded 103 103 103 103 101 91 72 

OR 6061 T6 extrusions 240 240 232 201 163 103 54 

6063 T5. T6 welded 55 55 55 55 52 31 23 
()063 Tti 172 172 159 137 Ill 61 36 

1060 all 55 55 

1100 all 76 76 

3003 all 95 95 

Alclad 3003 all 90 90 

3004 al l 150 ISO 

Alclad 3004 all 145 145 

5050 all 125 125 

5052. 5652 aU 175 175 

5083 (I) all 275 275 do not use above 65°C 

5083 (2) aJJ 270 270 do not use above 65°C 

5086 <ll l 240 240 do not use above 65°C 

5154.5254 all 205 205 do not use above 6s•c 

5154 all 215 215 

5456 (I) all 2!10 290 do not use above ss•c 
5156 (2) all 285 285 do not use above 65°C 

6061. Alclad 6061 T4. T6 welded 165 165 

606! T6 extrusions 260 260 243 208 169 117 76 

6063 TS, T6 welded l I 5 11 5 

6063 T6 205 205 188 160 130 83 53 

Notes: 
(l} up to 40 mm thick. 
(2) > 40 rnm and s 75mm lltick. 
(3) s1rengths are for the -0 temper for all al loys except 60!i I. Alclad 6061 , and 6063 which are as noted. 
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Table AL-3b- (USC) Minimum Mechanical Properties 

Minimum Tensile Yield Streng1hs Fry (ksi) at Temperatures (•F) 

Alloy Temper 100 ISO 200 250 300 350 400 

1060 all 2.5 2.5 2.4 2.2 1.9 1.8 1.6 

1100 all 3.5 3.5 3.5 3.4 3.2 2.8 2.4 

3003 all 5.0 5.0 5.0 4.9 ~.G 4.3 3.7 

Alclad 3003 all 4.5 4.5 4.5 4.4 4.1 3.9 3.3 

3004 al l 8.5 8.5 8.5 8.5 8.5 8.0 7.4 

Alclad 3004 all 8.0 8.0 8.0 8.0 8.0 7.2 6.7 
5050 ;~ II G.O 6.0 6.0 6.0 6.0 5.8 5.6 

5052, 5652 all 9.5 9.5 9.5 9.5 9.5 9.5 8.4 

5083 (I) all 18 17.9 do not use above 150"F 

5083 (2) all 17 16.9 do not use above 150"F 

5086 all 14 13.9 do not use above tso•F 
5154.5254 all Jl l1 do not use above 1 50°F 

5454 all 12 12 12 12 11.9 11.6 11.1 

5456 (1) all 19 18.8 do not use above 150°F 

5456 (2) all 18 17.9 do not use above 1SO•F 

6061, Alclad 1i061 T4. TG welded 15 15 15 15 I4.7 13.2 lO.S 

6061 T6 extrusions 35 35 33.6 29.1 23.6 14.9 7.9 08 

6063 TS, T6 welded 8 8 8 8 7.5 4.5 3.4 

6063 T6 25 25 23 19.8 16.1 8.9 5.2 

1060 all 8.0 8.0 

11 00 all 11 ll 

3003 all 14 14 

Alclad 3003 all 13 13 

3004 all 22 22 
Alclad 3004 all 21 2J 

5050 all 18 18 

5052,5652 all 25 25 

5083 (1) all 40 40 do not use above 1 50°F 

5083 (2) aU 39 39 do not use above 150~f 
5086 al l 35 35 do not use above 150°F 

5154,5254 al l 30 30 do not use above I 50°F 

5454 all 31 31 
5456 (1) all 42 42 do not use above J50°F 
5456 (2) al l 41 41 do not use above l 50cF 

6061. Alclad 606 I T4. TG welded 24 2~ 

6061 T6 extrusions 38 38 35.3 30.2 24.5 16.9 11.0 

6063 T5. T6 welded 17 17 

6063 T6 30 30 27.2 23.2 18.9 12.0 7.7 

Notes: 
(1) up to L500 in. rh ick. 
(2) > 1 .500 in. th ick, s 3.000 in. thick. 
(3) strengths are for the -0 tern per for all alloys except 6061. Aklad 6061, and 6063 which are as noted. 
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AL.4.2 SHEET AND PLATE 

Sheet and plate shall meet i\STM B 209 or 8 928. Tapered thickness plate may be used. 

AL.4.3 ROD, BAR, AND STRUCTURAL SHAPES 

Rod, bar, and shapes shall meet ASTM B 211 , ASTM B 221, or ASTM B 308. 

Al.4.4 PIPE AND TUBE 

Pipe and tube shall meet ASTM B 210. ASTM 8 24 l . or ASTM B 345. 

AL.4.5 FORGINGS 

Forgings shall meet ASTM 8 247, 

AL.4.6 FLANGES 

AL4.6.1 Aluminum 

Flanges shall meet ASTM B 247 and be 6061-T6. Flange dimensions shall meet ASME B 16.5 or 8 16.47. 

AL4.6.2 Composite Lap Joint Flanges 

For composite lap joint flanges. the aluminum stub ends shall be one of the alloys listed in Table AL-1 fo1· sheet and plate or pipe 
and tube. and the steel. stai nless steel. or galvanized steel flanges shall meet ASME 8 16.5. 

Al.4.7 BOLTING 

AL4.7.1 Aluminum 

Aluminum bolts shall meet ASTM F 468. Aluminum nuts shall meel /\STM F 467. Bolts and nuts of 2024 alloy shall have an 
anodic coating at least 0.005 mm [0.0002 in.l thick. Bolts shall not be welded. Aluminum threads tend to gall. so aluminum 
threaded parts shall not be used where they must be reinstalled. 

AL4.7.2 Stainless Steel 

Stainless steel bolts shall meet ASTM F 593 alloy group l or 2, or ASTM A 193 88. StainJess steel nuts shall meet ASTM F 594 
alloy group l or 2 or ASTM A 194 Grade 8. 

AL4.7.3 Carbon Steel 

Carbon steel bolts shall be galvanized. 

AL.4.8 WELDING ELECTRODES 

Welding electrodes shall meet AWS AS.JO/A5.10M and shall be chosen in accordance with AWS 01.2. 

AL.5 Design 

AL.5.1 JOINTS 

Joints ~haJJ be as prescribed in 5.1.5 unless otherwise specified below. 

AL5.1.1 Bottom Joints 

a. Bottom plates under the shell thicker U1an 8 mm (5/16 in.) shall be bull welded. 
b. Butt-Welded Bottom Joints. The butt welds may be made from both sides or from one side anu shall have rull penetration and 
full fusion. In the latter case, a backing strip 5 mm (3Jtfi in.) or thicker, of an alwninum alloy compatible wiU1 the bottom plate, 
shall be tacked to one of the plates. and the imersectionjoints of the sui ps shall be welded with full penetration and full fusion. 
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AL5.1.2 Roof and Top Angle Joints 

The moment of iner!Ja of the top angle and contributing portion of the shell (see AL.S.S) shall equal or exceed that provided by 
I he sizes listed below: 

Al.5.2 BOTTOMS 

AL5.2.1 Annular Bottom Plate Width 

Diameter (m) 
0 < 11 

ll < D < 18 
18 <0 

Diameter (ft) 

0 < 35 
35 < 0~61 

61 < D 

Size (mm) 
65 x 65x 6 
65 X 65 X 8 

75x 75 x 10 

Size (in.) 
2 lf2 X 2 l fz X 1/4 
2 1/z x 2 1/2 x 5116 

3 X 3 X 3/8 

AonuJar bottom plates shall have a rad ial width that meets the requirements of 5.5.2 except that the width must equal or exceed: 

AL5.2.2 Annular Bottom Plate Thickness 

The nominal thickness of annular bottom plates shan equal or exceed the requirements given in Table AL-4a and Table AL-4b. 

Table AL-4a- (SI) Annular Bottom Plate Thickness 

Nominal Thickness of HydrosraUc Test Stress tn First Shell Course (MPa) 

Firs! Shell Course (mm) 14 28 41 55 69 83 97 

~~ 12.7 6 6 6 6 6 6 7 

12.7 < / 5, 19 6 6 6 G 7 9 10 

19 < /S25 6 6 6 7 10 12 15 
25 < 15 32 6 6 7 10 13 16 19 

32 < /~ 38 6 G 10 J2 16 19 27 

38 < 15 51 6 JO 11 16 21 25 31 

Table AL-4b-(USC) Annular Bottom Plate Thickness 

Nominal Thickness of Hydrostatic Tes1 Stress in Firs1 Shell Course (ksi) 

First Shell Course (in.) 2.0 4.0 6.0 8.0 10.0 12.0 14.0 

(~ 0.50 1/4 l f4 I /4 1/4 l f4 lf4 9/32 

0.50 < /~ 0.75 ''" 1/4 1/4 1/4 9f32 11 f32 l:l/32 

0. 75 < I ~ 1.00 lf4 1/4 I /4 !lf32 3fs 15/32 l!IJ32 

1.00 < 15 1.25 lf4 1/1 9f32 ~/8 112 r,/8 3J1 

1.25 < ! 5 1.50 1/4 1/1 3fs 15f32 5fs 3/11 1 1/Js 

1.50 < l ~ 2.00 1/1 3/s 7116 5fs l3ft6 I 7132 

08 
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AL.5.3 SHELLS 

1lle nominal thickness of the shell plates shall be no less than the greatest of the cakulated design shell thickness Ldincluding any 
corrosion allowance. the hydrostatic test shell thickness t,. and the rhickness required by Table AL-Sa and Table AL-5b: 

AL.5.4 SHELL OPENINGS 

AL5.4.1 Thermal Stress Relief 

I, = -y,,D(H- A1) 

2.£;5, 

Table AL-5a-(SI} Minimum Shell Thickness 

Nominal Tank Nominal Plate 
Diameter Thickness 

(m) (01) 

0<6 5 

6:SD< 36 6 

36s Ds60 8 

D>60 10 

Table AL-Sb-(USC) Minimum Shell Thickness 

X om ina! Tank 
Diameter 

(fl) 

0<20 

20 SD< 120 

120 :S D:S 200 

D> 200 

Nominal Plare 
Thickness 

(in.J 

Thermal stress relief requirements of 5. 7.4 do not apply. 

AL5.4.2 Shell Manholes 

Shell manholes shall meet5.7.5 except the following. 

a. Cover Plate ilnd Flange n1ickness. The cover plate and nange thickness shall comply with Figures AL-l and AL-2. As an 
ahemalive to Figures AL-l and AL-2. plate flanges may be designed in accordance with API 620 rules using the allowable> 
stresses from Table AL-6a and Table AL-6b. 
b. Neck T!lickness. Where manhole neck thickness is controlled by thickness of the bolting flange (see note b of Table 5-4 a and 
Table 5-ilb). the nauge thickness detennined in item I above shaU be used. 
c. 114:'>/d Sizes. Fillet weld A shall comply with Table AL-9a and Table Al--91.>. 

AL5.4.3 Nozzles 

Shell nozzles shall meet 5.7 .6 except fillet weld A shall comply with AL-9a and Table AL-9b. 
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Table AL-6a-(SI) Allowable Tensile Stresses for Tank Shell (for Design and Test) 

Allowable Stress (MPa) (5) Sdfor Maximum Design Temperature Not Exceeding 

Minimum Minimum 
Yield Tensile /)i 

Strength StrengU1 Ambient 
Alloy Temper MPa(4) MPa (4) 40°C 6s~c flO" J20"C J50"C 175"C 2009C (6) 

1060 all 17 55 14 14 13 12 10 7 G 15 

1100 all 24 76 19 19 19 19 12 9 7 21 

3003 all 34 97 28 28 28 22 17 12 lO 29 

Alclad 3003 all 31 90 25 25 25 20 15 11 9 26 

3004 all 59 152 47 47 47 47 40 26 16 50 

Alclad 3004 all 55 145 44 44 44 44 40 26 !() 47 

5050 all 41 t24 33 33 33 33 33 19 10 35 

5052,5652 all 66 172 52 52 52 52 39 28 16 56 

5083 (!) all 124 276 90 90 do not use above Gscc 91 
5083 (2) all 11 7 269 88 88 c.lo not use above ss<·c 89 

5086 all 97 241 77 77 do not use above 65"C 80 

5154.5254 all 76 207 61 60 do not use above 65"C 64 

5451 all 83 214. 66 66 66 51 38 28 21 70 
5456 (1) all 131 290 96 96 do not use above 65°C 96 

5456 (2) all 124 283 93 93 do not use above ss~c 93 

6061. Alclad 6061 T4. TG. 165 55 55 55 54 51 42 30 55 
(3) T451. T651 

Notes: 
(1) up to 40 mm !llic:k. 
(2) > 40 mm and .5 80 mm thick 
(3) Ternpers T4 and T6 apply for Utickness < 6 rnm, T451 and T651 apply for tllickness ~ 6 mrn. 
(4) Strengths are for the -0 temper for all all~s except 6061. Alclad 6061, and 6063. 
(5) The design stress shall be the lesser or 3 of the minimum tensile strength, 0.8 of the minimum yieh.l strength, the stress producing a 
secondary creep rate of 0.1% in 1000 hr. or 67% of the average stress for rupture at the end of l 00,000 hr. 
(6) The allowable test stress shall be the lesser of 21a of the minimum !ensile strength or 0.85 of the minimum yield strength at ambient 
temperature. 

AL5.4.4 Flush Type Cleanouts 

Flush-type cleanout fittings shall comply with Figures AL-l , AL-2, and AL-3. 

AL.S.S WIND GIRDERS 

The length of lhe sheJl included in the area of Wind girders shall be 0.424./iJis except for onstiffened shell above top wind gird
ers, the length shall be 56 t5JF'; . 

08 
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AL-10 API STANDARD 650 

Table AL-6b-{USC) Allowable Tens ile Stresses for Tank Shell (for Design and Test) 

Allowable Stress (psi) {5) Sd for Maximum Design Temperature Not Exceeding 

Minimum Minimum 
Yield Tensile s, 

Strength Strength Ambient 
AUoy Temper (psi) (4) (psi) (4) lOO•f 150°F zoo•F 250"F 300°F 35o•F 400"F (6) 

1060 all 2.500 8.000 2,000 2.000 1.900 1.750 1.450 1.050 800 2,100 

1100 all 3,500 ll.OOO 2,800 2,800 2.800 2.700 1.750 1.350 1.000 3,000 

3003 all 5.000 14.000 4,000 4.000 4,000 3.150 2.400 1.800 1.400 4,300 

Ale 3003 all 4,500 13.000 3.600 3,600 3,600 2.850 2,150 1.600 1.250 3,800 

3004 all 8,500 22,000 6,800 6,800 6.800 6.800 5,750 3,800 2,350 7.200 

Air 3004 all 8.000 21.000 6.400 6.400 6.400 6.400 5,750 3.800 2.350 6,800 

5050 all 6.000 18.000 4.800 4.800 4.800 4.800 4.800 2.800 1,400 5,100 

5052,5652 all 9,500 25,000 7.600 7,600 7,600 7,500 5,600 4,100 2.350 8.100 

5083 (1) nil 18,000 40,000 13,000 13.000 do not use above 150°F 13.200 

5083 (2) all 17.000 39,000 12,800 12.800 do not use above tso•p 12.900 

5086 all 14,000 35,000 .L l.200 lL.lOO do not use above 1 so·r 11,600 

5154, 5254 all 11 ,000 30,000 8.800 8.700 do not use above I50QF 9,400 

5454 all 12.000 31,000 9.600 9,600 9,600 7.400 5,500 4,100 3,000 10.200 

5456 (1) ~II 19.000 42,000 13,900 13,900 do not use above l50~F 13,9UO 

5456 (2) all 18.000 41.000 13.500 13,500 do nol use above 150°F 13,500 

606J . A lc 6061 (3) T4, TG, 24,000. 8,000 8.000 8.000 7.900 7,400 6.100 4.300 8,000 
'f451. T65l 

Notes: 
(I) up to 1.500 in. thick. 
(2) > 1.500 in, and s 3.000 in. tllick. 
(3) Temper T 4 ~nd T6 apply for thickness < 6 mm (0.25 in.). T451 and T651 apply for thickness~ 0.25 in. 
(4) Strengths are for I he - 0 temper for all alloys except6061, Ale lad G061 , and 6063. 
(5) The design stress shall be the lesser of213 of the rll inimum tensile strength. 0.8 of the minirnum yield strength, the stress producing a secondary 
creep rate of 0.1% illlOOO hr. or 67% of the avera~e stress for rupture at the end of I 00.000 hr. 
(G) The allowable test stress shall be the lesser of 2 3 of the minimum tensile strength or 0.85 of tllf:' minimum yield strength at arobiem temperature. 

AL5.5.1 Wind Girders 

The seclior'l modulu~ of Wind girders shaJI equaJ or exceed 

where 

p = (1.48 kPa) l 11(190 km/hr) 12: 

p = (31 Jblft2) [ V/(120 mph)12; 

Z 
= pH~.D~ 

12Ec 

V = 3-sec gust design wind speed [see 5.2.1 (k)]: 

H.v = for top wind girders on tanks with no interntediate wind girder. thE' tank height: for tanks with intermediate wind 
girders, the vertical distance between the intermediate wind girder and the top angle of the sheU or the top wind 
girder of an open-top tank: 

c = Jesser of the distances from 1he neutral axis 10 the extreme fibers of the wind girder. 
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W ELDED TANKS FOR OIL STORAG[ 

Allowable Plate Stress, psi, from Table Al-6b at 100"F 

1,000 2.000 4,000 6,000 8.000 
I I 

Case A- Minimum Cover Plate Thk:kooss 
lor Bolllng·Up Condition ((Note I)) 

\ 
\ 
'\ 

I"\.-i- All Manhole Stzes on Case B 

""" 
deanout nu.ngs 200 mm • 400 mm (8 in • 16 1n ) 

~ 600 mm x 600 mm (24 in • 24 1n ) 

............ 
........... ..._ --

7 14 28 42 55 
H•G 

f 
Allowable Plate Stress, MPa, from Table AL-6a at40°C 

0 104 0008 0.012 O.D16 
I ' I I I 

Case B Minimum Cover Plate Thickness 
lor Operahng Cond;tion ((Note 1)) 

I 
Manholes 

900 mm (361n 1,... 

Cleanoul fittings -......-~ 
600 mm • 600 mm - I""' 

1'\. ./"' ~ 600 mm (24 .:J.. 
f-- (24 ln. x 24 in ) 

...... 
[..)(' ~ """' ~ 

7 
7 v:. vz ~ 

h ~ -//# ~ ,... 
0 018 

--l6 ..,...,.... lo-""'"_ ~ 
.......-::: ~ 
~ 

~ It 200 mm x 400 mm 
'--. (8 ln. • 16 in.} 

036 0.54 

H•G -,-
G = soodfic gravity of hquid that determines the sholllhicl<.ness: 
H = height or design liquid level above centerline of manhole m (II), 

.--
~300 mm (20 in ) 

0.72 

10,000 12,000 
16 

1.4 

1.2 

1.0 

0.8 

0.6 

0.5 

0.4 

0.2 
68 82 

0 020 0.02 4 

26 

__... ~ 
~ 

22 --:;;o-"' - 18 ---~ 
...-

L---
~ ... 1.4 

10 

0.6 

I 

02 

09 108 

f =allowable tensile stress (Sd or S0 ) from Table AL·Ga and Table AL·6b atlhe temperature cooncident w•th G. MPa (psi) 

Note 
( 1) the mono mum cover plate thickness shall be a maximum of Case A or B values 

Figure AL-1-Cover Plate Thickness for Shell Manholes and Cleanout Fittings 

AL-11 

!: 

-" ~ .. 
"' c 

! ., 
3 
11. 

0 
~ 
u 

08 

E 

-" .,; 
"' "' c 
.X 
0 
&; ... 
0 
:§ 
11. 
:;; 
> 
0 
u 



Al-12 

E 
~ 
~ 
.; 
"' Q) 
c 
"' u 
E 
1-
Q) 
Ol 
c 

~ 

08 

E 
E 
~ 
.,; 
"' ., 
c 
"" u 
E 
1-
Q) 

0> c 
"' u:: 

API STANDARD 650 

2.8 

3.2 ° 1 000 2000 4000 6000 10000 8 000 

\ I I I 
Case A-Minimum Flange Thickness 

\\ for Bolting-up Condition [(Note 1)] 

,\\ 
2.4 ~ 

\\' ~ Manholes 

2.0 

1.6 

\~ ,,, . ,.... 900 mm (36 ln.) 

' '~ ~ /~ 
/750 mm (30 in.) 

'" ~ ~ // 
600 mm (24 ln.) 

/300 rnm (20 in.) 

' ~ ~ ~ 1.2 

0.8 

0.6 

' ~ ~:::"" ~ ........_ 
Cleanou filling;: < ~ --~ ...:::-:--~-~ ... -200 mm " 400 mm (8 in. x t6 in.) / -~ 600 mnp 600 mm (24 in. x 24 ln.)- I 

I 
14 28 42 H x G 55 68 

f 
Allowable Plate Stress, MPa. from Table AL-7a al400C 

0.004 0.008 0.012 0.016 0.0~0 
T • Manholes 
Case B-Minimum Flange Thickness - _36in. 

I 
for Operating Condition !(Note 1 )) ..v"" -

66 

/ ·_r: _...,. ~ ...,.,..,. 

56 
I ~ __..,.. . I 

I ' v ..,.. ,.,..,- ~ 
46 / / 

.- __.. ...--- 20~ 

7 / ~ --~ 
36 

7 / 600 mm x 600 mm .-- _,-
(24 in. x 241n .\ 

7'/ ./ ~ 
25 / . V_/ [...;"' I .. 

Clean~ 
'.b.. L"' 

15 i /~ V/ ----~mmx400~ 

·1/h v 7' (Sin x t61n.) 
.J' -.., v 

P' 
0 0 0.72 0.9 018 0.36 0.54 

HxG 

G =specific grav1ty of f1QU10 that determ~nes the shell thickness; 
H = height of design liquid level above centerline of manhole. m (It): 

12 000 
1.6 

1.4 

0.6 

0.5 

0.4 

0.02 4 __.,. 
_.,...,. 

2.6 

~ 2.2 

~ .~ 
1.8 .S> 

.,; 
<n 
Q) 

" 
1 4 ~ 

.r:. 
1-- .. 
;;; 
a: 

1.0 ~ ., 
> 
0 
(.) 

0.6 

0.2 

1.08 

f =allowable tensile stress (Sq or 5!,) from Table AL-6a and Table AL-6b at the temperature coincident with G, MPa (psi). 

Note: 
( 1) the minimum cover plate thickness shall be a maximum of Case A or 8 values. 

Figure AL-2-Fiange Plate Thickness for Shell Manholes and Cleanout Fittings 
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WELDED TANKS FOR O IL STORAGE AL-13 

Stress In Shell Plate at Bottom of Tank, psi, for Condition That Determines Shell Thickness 
600 mm x 600 mm (24 in. x 24 in.) cleanout filling 

2 000 4 000 6 000 8 000 10 000 12 000 
2.8 

\ 

' 
2.6 

2.4 

~ \ '\ 
2.2 

~ \1\ 2.0 

\ :\ ' 
' \ l\1\. 

1.8 

1\ 1\ I\ 1\ 1\. 
1.6 

1.4 

1.2 

1--1--

1.0 

~h. --r-t-~ i --r-~--~ - 0.8 

~""--~to-. --1'--
-,.._ 

200 mm x 400 mm (8 in. x 161n.) cteanout fitting 

" o .. ~0"1t! .L G' .. ' l 
'\. , -s-~ ~ Te(~ "".'"'"'<- I G"H- I J. ~ ' .s>.Q ..... - 21(9 ~ 's 'r-·-... :•o ... ::: r- :::-+-, ~ 6',~ 'I 'fOJ.,. :""-!-- ~ '< ...... 

I '~ 
..... ,~<?~-.._ ........r-r-::::- ~ooo....:::~ 

......... ....... ....... r-- --""'- ::;: -+-. 

I 
0 14 28 42 55 68 

Stress in Shell Plate at Bottom of Tank, MPa, for Condition That Determines Shell Thickness 

G ~ specific gravity of liquid thai determines the shell thickness: 
H = design liquid level, m (ft); 

Note: 
(1) the bottom reinforcing plate shall be the same alloy and temper as the bottom shell plate. 

Figure AL-3-Bottom Reinforcing Plate Thickness for Cleanout Fittings 
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AL-14 API STANDARD 650 

AL5.5.2 Intermediate Wind Girders 

The height of tl1e unsliffened shell shaJl not exceed: 

where 

H, = 24oo 'Jezoo rrl ( E.HDT1 
D) E10 ) 

/!1 vertical distance between the intermediate wind girder and I he top angle of the shell or t.he top wind girder of an 
open-top tank; 

11 I• t = nominal chickness, unless otherwise specified. of the top shell cow·se; 

08 

EMDT = modu lus of elasticity at the maximum design temperature; 

£10 ~ modulus of elasticity at 40QC (l00°F) . 

AL.5.6 ROOFS 

Al5.6.1 Structural Members 

The minimum nominal thickness of structural membersshaJ1 be4 mru (0.15 in.). 

Al5.6.2 Frangible Roofs 

Roof'> required to be frangible shal l meet the requirements of 5.10.2.6 except that the cross sectionaJ area A of the roof-to-shell 
joint shall not exceed 0. 159 W7(Fiy tan e) where F(v"" I he greatest tensile yieJd strength of the materiaJs in the joint. 

AL5.6.3 Allowable Stresses 

Roofs shall be proportioned so that stresses from the load combinations specified in 5.10,2.1 do not exceed the allowable stresses 
given in the Aluminum Design Manual (ADM) SpecJflcalion for Aluminum Structw-es- Aflowabfe Stress Design for building rype 
strucTUres, Allowable stresses for ambient temperature service shall be calculated using lhe minimum mechanical properties 
giveo in the ADM. Allowable stresses for elevated temperature service shaJJ be caJculated using the minimum mechanical proper· 
ties given in Table AL-8a and Table AL-8b. Section 5.10.3.4 does not apply. 

AL5.6.4 Supported Cone Roofs 

a. The stresses determined from Jligure AL-4 for dead load and dead and live loads for the thickness and span of roof plates shall 
not exceed the allowable stresses given in Table AL-7a and Table AL-7b. 
ll. The roof supporting structure shall be of 606 1-T6 or 6063-Tfi and proportioned so stresses do not exceed aJiowable stresses. 
Dead load stresses for temperattu·es over l20°C (250°F) sbaJ1 not exceed 25% of aJ1owable stresses. 
c. Low cycle fatigue failures may occur at the roof-to-top-angle weld and at roof lap welds for roofs designed to the minimum 
requirements of this standard when: 

l. the internal pressure exceeds the weight of the roof plates: or 

2. tanks larger than 15 rn (50ft) in diameter are subjected to steady wind speeds of 40 to 50 km/hr (25 to 30 mph) or greater. 



WELDED TANKS FOR OIL STORAGE AL-15 

Table AL· 7a- (SI) Allowable Stresses for Roof Plates 

Allowable Tensile Stresses (MPa) at Maximum Design Temperatures (0 C) Not Exceeding 

Alloy Temper 40 65 90 120 150 175 200 

3003 all (dead load) 22 16 12 9.6 

(dead + live load) 34 34 34 34 32 30 26 

Alclad 3003 all (dead load) 20 15 11 8.6 

(dead + liv~;> load) 31 31 31 30 29 27 23 

3004 all (dead load) 40 26 16 

(dead + live load) 59 59 59 59 59 55 51 

Alc:lad 3004 all (dead load) 36 23 17 

(dead + live load) 55 55 55 55 55 50 46 
5050 all (dead load) 37 19 9.6 

(dead + live load) 41 41 41 41 41 40 39 

5052, 5652 aJI (dead load) 43 28 16 

(dead+ live load) 66 66 66 66 66 66 58 

5083 aiJ (d!"ad + live load) 124 123 do nm use above G5°C 

5086 all (dead + live 1 oad) 97 9G do not use above 65°C 

5154 , 525<1 all (d~;>ad + live ldad) 76 76 do nor use above 65°C 0~ 

5454 all (dead load) 81 51 38 28 21 

(dead + live load) 83 83 83 83 82 80 77 

5456 all (dead + live load) 131 130 do not use above 65°C 

6061, Alrlad 6061 T4. T6 (dead load) 57 4.2 30 

(dead + live load) 66 66 66 G5 ()j 51 39 

Note: For non-heat treatable al loys. allowable stresses for dead+ live loads are the lesser of the yield strength. the stress producing a secondary 
creep rate of 0.1% in l 0.000 hr. 67% of the average stress for rupture after 100.000 hr. For heat treatable alloys. allowable stresses are 40% of 
the minimum strength of groove welds. 
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AL-16 API STANDARD 650 

Table AL-7b-(USC) Allowable Stresses for Roof Plates 

AJiowable Tensile Stresses (ksi) a1 Maximum Design Temperatures (°F) Not Exceeding 

Alloy Temper 100 150 200 250 300 350 400 

3003 all (dead load) 3.15 2.4 1.8 1.4 

(dead + live load) 5.0 5.0 5.0 4.9 4.6 4.3 3.7 

Alclad 3003 aJI (dead load) 2.85 2.15 1.6 1.25 

(dead + live load) 4.5 4.5 4.5 4.4 4.15 3.85 3.35 
3004 all (dead load) 5.75 3.8 2.35 

(dead + live load) 8.5 8.5 8.5 8.5 8.5 8.0 7.4 

Alclad 3004 all (dead load) 5.15 3.4 2.4 

(dead + live load) 8.0 8.0 8.0 8.0 8.0 7.2 6.65 

5050 all (dead load) 5.35 2.8 1.4 

(dead + live load) 6.0 6.0 6.0 6.0 6.0 5.8 5.6 

5052.5652 all ((lead load) 6.25 4.1 2.35 

(dead+ live load) 9.5 9.5 9.5 9.5 9.5 9.5 8.4 

5083 all (dead + live load) 18 17.9 do not use above !50°F 

5086 all (dead + live load) 14 13.9 do not use above 150°F 

5154,5254 all (dead + live load) 11 11 do not use above !50°F 

5454 il ll (dead load) 11.7 7.4 5.5 4.1 3.0 

(dead +live load) 12 12 12 12 11.9 11.6 11.1 

5456 all (dead + live load) 19 18.8 do not use above 150°F 

6061. Alclad 6061 T4, T6 (dead load) 8.2 6. 1 4.3 

(dead+ live load) 9.6 9.6 9.6 9.45 8.85 7.45 5.65 

Note: For non-heat treatable alloys. allowable stresses for dead+ live toads are the lesser of the yield strength, the stress producing a secondary 
creep rate of 0.1 % in 10.000 hr. 67% of the average stress for n1plure after 100.000 hr. For heat treatable alloys, allowable slresses are 40% of 
the minimum strengTh of groove welds. 
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L = maximum rafter spac1ng, mm Qn.); 
t h = thickness of roof, mm (ln.). 

Figure AL-4-Stresses in Roof Plates 
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WELDED TANKS FOR OIL SiORAGE AL-17 

Table AL-8a- (SI) Compressive Moduli of Elasticity E (MPa) at Temperature (0 C) 

40 65 90 120 !50 175 200 

lOGO 69.600 68.300 66.900 64.800 63.400 60.700 57.900 

1100 69,600 68,300 66.900 64,800 63.400 60,700 57,900 

3003. Alclad 3003 69,600 68,300 66,900 64,800 63,400 60,700 57,900 

3004. Alclad 3004 69.600 68.300 66,900 64.800 63.400 60.700 57,900 

5050 69.600 

5052, 5652 71.000 68.900 67.600 64.800 62.700 59.300 55.800 

5083 71,700 70,300 do not use above 65°C 

5086 71.700 70.300 do not use above 65°C 

5154,5254 71,000 do not use above 65°C 

5154. 71.000 68,900 67,600 64.800 62.700 59.300 55.800 

5456 71,700 70,300 do not use above 65~c 

6061 69.600 68,300 66,900 65.500 64.100 62.700 60.700 

6063 69.600 68,300 66,900 65.500 64,100 62.700 60.700 

N01e: ( 1) Tensile moduli = (compressive moduli) /1.02. 

Table AL-8b-(USC) Compressive Moduli of Elasticity E (ksi) at Temperature (°F) 08 

Alloy 100 150 200 250 300 350 400 

1060 10, 100 9,900 9.700 9,400 9,200 8.800 8,400 

1100 10,100 9,900 9.700 9.400 9.200 8,800 8,400 

3003, Alclad 3003 10,100 9.900 9.700 9.400 9.200 8.800 8.400 

3004, A1dad 3004 10,100 9,900 9.700 H.400 9,200 8.800 8,400 

5050 10,100 

5052, 5652 10,300 10,000 9,800 9.400 U.IOO 8,600 8,100 

5083 10.400 10,200 do not use above 150°F 

5086 10.400 10,200 do not use above 150°F 

5154,5254 10,300 do not use above 1 50"F 

5454 10.300 10,000 9.800 9,400 9,100 8.600 8,100 

5456 10.400 10,200 do not use above 150"F 

6061 10.100 !.1,900 9.700 9,500 9.300 9,100 8,800 

6063 10.100 9,900 9,700 9.500 9,300 9.100 8,800 

t'l:ote: 0) Tensile moduli= (compressive moduli)/1.02. 



AL-18 API STANDARD 650 

Table AL-9a and fable AL-9b are the same asTable 5-7a and Table 5-7b, respectively, with the foJJowing modifications: 

Table AL-9a- (SI) Shell Noule Welding Schedule 

Column l Column 5 

Thickness of Shell and Size of Fillet Weld A Nozz.Ies 
Reinforcing Plate 1 and T Larger Than NPS 2 

mm mrn 

5 6 

6 6 

8 6 

10 G 

11 6 

13 6 

14 6 

16 8 

17 8 

20 10 

21 Jl 

22 11 
08 24 13 

25 13 

27 14 

28 14 

30 14 

32 IG 

33 16 

35 17 

36 J7 

38 20 

40 21 

41 21 

43 22 

45 22 



WELDED TANKS FOR O il STORAGE AL-19 

Table AL-9b- (USC) Shell Nozzle Welding Schedule 

Column 1 Column 5 

Thickness of Shell and Size of Fillet Weld A Nozzles 
Reinforcing Plate 1 and 1 Larger Than NPS 2 

in. in. 

3f1fi 1/·1 

1/1 1/•1 

51J6 1;,, 

3Jg l/4 

'lls lf4 

liz 1/4 

9f16 1/4 

f!Js S!Jo 

l lf16 5flr. 

3f,1 3/s 

13ftt. 7f16 

7/a 7/16 

15!J6 1/2 08 

If~ 

1 1/u; 9!J6 

1 1/s D/16 

1 3!)6 9f1G 

I 1/4 5;g 

J 5!J6 5fs 

1 3/s 11/16 

1 7116 ll!JG 

1 IJz 3/4 

1 !1/JG 13/ 16 

1 5/g 131J6 

I 11/tr. 7Ja 

1 3/4 7fs 
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AL-20 

AL5.6.5 Self-Supporting Cone Roofs 

a. The minimum nominal roof thickness is t11• 

b. The minimum area of the roof-ro~shcll joint is A. 

where 

API STANDARD 650 

t;:: 20 ® 
11 sine~£ 

f = least allowable tensile stress of the materials in the roof-to-shell joint. 

AL5.6.6 Self-Supporting Dome and Umbrella Roofs 

a. 'I11e minimum nominal rooJ t·hickness is lJ1• 

where 

r11 = roof rc~dius 

b. The minimum area of the roof to-shell joint is A 

A = p1ll I (Bftane) 

where 

f = least allowable tensile stress of the mate1ials in U1e roof-to-shell joint. 

AL5.6.7 Structurally Supported Aluminum Dome Roofs 

Structurally supported aluminum dome roofs shall meet Appendix G 

AL.G Fabrication 

AL.6.1 FINISH OF PLATE EDGES 

At least 3 mm (1/8 in.) shall be mechanically removed from edges of heat treatable alloys that have been plasma arc cut. Oxygen 
cutting shall not be used. 

AL.6.2 MARKING MATERIALS 

Marking materials shall not contain carbon or heavy metal compounds. 

AL. 7 Erection 

AL.7.1 WELDING METHODS 

Welding shall be gas metal arc welding. gas tungsten arc welding, plasma arc welding without using flux, or frictton stir welding. 
The welding may be performed by the manual, machine, automatic. or semiautomatic welding processes according to procedures 
by welders or welding operators qualified in accordance with ASME Section IX or AWS 01.2. 
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AL.7.2 PREHEATING 

Parts to be welded shall not be preheated except to the extent needrd tO dlive off ruoisture or bring base metal temperature up to 
minimwn welding temperature per 7.2.1.2. 

AL.7.J PLUMBNESS 

The plumbness requirements shall be per 7.5.2 except t11e out-of-plumbness in any shell course shall not exceed the tlatness toler
ance in ASTM B 209M (B 209). 

AL.7.4 STORAGE 

Aluminum parts shal.l not be stored in contact With one another when moisture is present. Aluminum shall not be stored or erected 
jn contact with carbon steel or the ground. 

ALB Inspection of Welds 

AL.8.1 LIQUID PENETRANT EXAMINATION 

The following welds shall be examined by tbe liquid penetrant method before the hydrostatic test of the tank: 

a. shell opening reinforcement and structural attachment plates, excluding lighUy loaded attachments. that intersect a she!J weld 
shall be examined for a distance of 150 rnm (6 in.) on each side of the intersection and ti1e butt weld for a distance of 50 mm 
(2 in.) beyond the pad weld: 
b. aJ I welds of openings in the shell that are not completely radiographed, including nozzle and manhole nt>ck wrlds and neck-to-
flange welds: os 
c. all butt-welded joints in tank shell and annular plate on whlch backing strips are to remain. 

AL.8.2 MAGNETIC PARTICLE EXAMINATION 

Section 8.2 does not apply. 

AL.9 Welding Procedures and Welder Qualifications 
Weld procedures and welder qualifications shall meet Section 9 except that impact tests are not required. 

AL.10 Marking 

AL.10.1 MATERIAL 

Jn addition to the requirements of Section 10, the bottom and roof aJioys shall be shown on the nameplate. 

AL.11 Foundations 

AL.11 .1 CONCRETE 

Aluminum shall not be placed in djrect contact with concrete. 

AL.12 Internal Pressure 

AL.12.1 GENERAL 

Appendix F shall be met with the following exceptions. 
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AL 12.2 DESIGN PRESSURE 

The design internal pressure Pin FA. I: 

where 

Frv = tensile yield slfength of the materials in the roof-to-shell joint: 

SF .,. safety factor = L6; 

A = area resisting the compressive force as illustrated in figure F-2 except that 161 shal l be replaced by 56'·~- . 

AL.12.3 MAXIMUM DESIGN PRESSURE 

The maximum design pressure in F.4.2 shall be: 

p I 4111 8(1.67)M 
'""" = Plih+ nd - nd 

where 

Pmax = maximum design pre~ure: 

08 i\1 = wind overturning moment. 

AL.12.4 REQUIRED COMPRESSION AREA AT THE ROOF-TO-SHELL JUNCTION 

The required area at the roof-to-shell joint in F.5.1 shall be: 

A= (Sf)Ii(P- Ph£11) 

8F,1 tane 

AL.12.5 CALCULATED FAILURE PRESSURE 

The calculated failure pressure in F.6 shall be: 

AL.12.6 ANCHORED TANKS 

The allowable compressive stress in F.7.2 shall be Ftfl .6. 

AL.13 Seismic Design 

AL.13.1 GENERAL 

Appendix E -;hall be met wnh the following exceptions. 

AL.1 3.2 ALLOWABLE LONGITUDINAL MEMBRANE COMPRESSION STRESS IN SHELL 

The allowable rompressive srress in £.6.2.2.3 shall be detem1ined in accordance •Ni~l the ASME Boiler w1d Pressure \t>sse/ 
Code. Section VOL Division L 

AL.14 External Pressure 

AL.14.1 GENERAL 

Appendix V does not apply to aluminum tanks. 



APPENDIX 8-RECOMMENDATIONS FOR DESIGN AND CONSTRUCTION OF 
FOUNDATIONS FOR ABOVEGROUND OIL STORAGE TANKS 

8 .1 Scope 

8 .1.1 This appendix provides irnp01iant considerations for the design and construction of foundations for aboveground steel oil 
storage tanks with flat bottoms. Recommendations are offered to outline good practice and to point out some precautions that 
should be considered in the design and construction of storage tank foundations. 

8.1.2 Since there is a wlde variety of surface. subsUJface, and climatic conditions. it is not practical to establish design data to 
cover all situations. The allowable soil loading and the exact type of subsurface construction to be used nn•st be dedded for each 
individual case after careful consideration. The same rules and precautions shall be usrd in selecting foundation sites as would be 
appHcable in designing and constructing foundations for other structures of comparable magnitude. 

8.2 Subsurface Investigation and Construction 
8 .2.1 Al any tank site. the subsurface conditions must be known to estimate the soil bearing capacjty and settlement that wi ll be 
experienced. This infotmation is generally obtained from soil borings. load tests. sampling, laborat01y testing, and analysis by an 
expe1ienced geoteclmical engineer familiar with the history of similar structures in the vicinity. The subgrade must be capable of 
supporting the load of the tank and its contents. The total setrlement must not strain connecting piping or produce gauging inaccu
racies. and the settlement should not continue to a point al whjch the tank bottom is below the surrounding ground surface. The 
estimated settlement shall be within the acceptable tolerances for the tank shell and bottom. 

8 .2.2 When actual experience with similar tanks and foundations at a particular site is not available. rhe following ranges fur 
factors of safety should be considered for use in the foundation design criteria for determiniJ1g the allowable soil bearing pres
sures. (The owner or geotechnical engineer responsible for lhe project may use factors of safety outside these ranges.) 

a. From 2.0 to 3.0 against ultimate bearing fajlure for normal operating conditions. 
b. From 1 .5 to 2.25 against ultimate bearing failure during hydrostatic testing. 
c. From l.S to 2.25 against ultimate bearing failure for operating conditions plus the maximum effect of wind orSBismic loads. 

8.2.3 Some of the many conditions that require special engineering consideration are as follows: 

a. Sites on hiJ Is ides, where part of a tank may be oo undisturbed ground or rock and part may be on fi II or another construction or 
where the depth of required flU is variable. 
b. Sites on swampy or fi lied ground, where layers of muck or compressible vegetation are at or below the surface or where unsta
ble or corrosive materials may have been deposited as Fill. 
c. Sites underlain by soils. such as layers of plastic clay or organic clays. that may support heavy loads temporarily but settle 
excessively over long periods of lime. 
d. Sites adjacent to water courses or deep excavations. where the lateral stability of the ground is questionable. 
e. Sites immediately adjacent to heavy structures that distribute some of their load to the subsoil under the rani\ sites. thereby 
reducing the subsoil's capacity to carry additional loads v.rithout excessive settlement. 
f. Sites where tanks may be exposed to flood waters. possibly resulting in uplift, displacement. or scour. 
g. Sites in regions of high seismicity that may be susceptible to Jlquefactlon. 
h. Sites with thin layers of soft clay soils that are directly beneath the tank bottom and that can cause lateral ground stability 
problems. 

8.2.4 JJ the subgrade is inadequate to carry the load of the filled tank without excessive settlement, shallow or superficial con
stmction under the tank botlorn will not improve the supp011 conditions. One or more of t11e following general methods should be 
considered to improve the support conditions: 

a. Removing the objectionable material and replacing it with suitable, compacted material. 
b. Compacting the soft material with short piles. 
c. CompacUng the soft material by preloading the area witb an overburden of soil. Strip or sand drains may bt! used in conjunc
tion with this method. 
d. Stabilizing the soft material by chemical methods or injection of cement grout. 

B-1 
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e. Transferring theJoad to a more stabJe material underneath the subgrade by dtiving piles or constructing foundation piers. This 
involves constructing a reinforced concrete slab on the piles to distribute the load of the tank bottom. 

f. Constructing a slab foundation that will distribute the load over a sufficienlJy large area of the soft material so that the load 
intensity wiJI be within allowable limits and excessive settlf'ment will not occur. 

g. fmproving soil properties by vibro-compaction. vibro-replacement, or deep dynamic-compaction. 

h. Slow and controlled filling of the tank. during hydrostatic testing. When this method is used, the integrity of the tank may be 
compromised by excessive setUements of the shell or bottom. F'or this reason, the sel!lements of the tank shalJ be closely moni
tored.J.n the event of settlements beyond established ranges. the test may have to be slopped and the tank releveled. 

B.2.5 The fi ll material used to replace ntuck or other objectionable material or to build up the grade to a suitable height shall be 
adequate for the support of the lank and product after the materia l has been compacted. Tlte fill material shall be free of vegeta
tion. organic matter, cinders. and any material that will cause corrosion of tJ1e lank bottom. The grade and type of fill material 
shall be capable of being compacted with standard industry compaction techniques to a density sufficient to provide appropriate 
bearing capacity and acceptable selllernents. The placement of the fill material shall be in accordance with the project specifica
tions prepared by a qualifled geotechnical engineer_ 

8.3 Tank Grades 

B.3.1 The grade or surface on which a lank bottom will rest should be constructed at least 0.3 rn ( 1 ft) above the surrounding 
ground swface. This will provide suitable drainage, help keep the tank bottom dry. and compensate for some small settlement that 
is likely to occur. If a large setUement is expected. the tank bottom elevation shall be raised so that the final elevation above grade 
will be a minimum of ISO mm (6 in.) after settlement. 

B.3.2 There are several different materials !hat can be used for the grade or surface on which the iank bortom will resr. To min
imize future corrosion problems and maximize the e.lfect of corrosion prevention systems such as cathodic protection, the mate
rial iu contact with t.he tank bollom shoukl be fine and uniform. Gravel or large particles shall be avoided. Clean washed sand 
75 mm- l 00 mm (3 in. - 4 in.) deep is recommended as a flnal layer because it can be readily shaped to the bottom <.:On tour of t11e 
tank to provide maximum contact area and wiU protect the tank bottom from coming into contact with large particles and debris. 
Large foreigu objects or point contact by gravel or rocks could cause corrosion cells that will cause pitting and premature tank 
bottom failure. 
During construction, the movement of equipment and materials across the grade will mar the graded surface. These in-egularities 
should be corrected before bottom plates are placed for welding. 
Adequate provisions, such as making size gradients in sub layers progressjyeJy smaller from bottom to top. should be made to pre
vent the fme material from leaching down into the larger material. thus negating the effect of using the fine material as a final 
layer. This is particularly important for t.he top of a crushed rock ring wall. 

Note: for mure information on tank bottom corrosion and corrosion prevention that relates to the foundation of a tank. see API RP 651 . 

• B.3.3 Unless otherwise specified by 01e Purchaser, the finished tank grade shall be crowned from its outer periphery to its cen
ter at a slope of 1 in. in 10ft. The crown will partly c.ompensate for slight settlemE-nt, which is likely lobe greater at the center. lt 
will also facilitate cleanjng and the removal of water and sludge through openings in the shell or from sumps situated near th~ 
shelL Ber.ause crowning will affect tl1e lengths of roof-supporting columns, it is essential that the tank Manufacturer be fuJly 
informed of1his feature suftkiently in advance. (For an altemative to Ulis paragraph, see B.3.4 .) 

• B.3.4 As an alternative to B.3.3. the tank bottom may be sloped toward a sump. The tank Manufacturer musl be advised as 
required in B.3.3. 

8.4 Typical Foundation Types 

B.4.1 EARTH FOUNDATIONS WITHOUT A RINGWALL 

8.4.1.1 When an engineering evaluation of subsurface conditions that is based on experience and/or exploratory work has 
shown !hat the subgrade has adequate bearing capacity and that settlements will be acceptable. satisfactory foundations may be 
constructed fro)ll earth materials. The perfom1ance requirements for eartl1 foundations are identical to those for more extensive 
foundations. Specifically. an earth foundation should accomplish the following: 
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a. Provide a stable plane for the support of the tank. 

b. Limit overall settlement of the tank grade to values compatible wi th the allowances used in the design of the connectmg 
piping. 

c. Provide adequate drainage. 

d. Not settle excessively at the pelimeter due to the weight of the shell wall. 

8 .4.1.2 Many satisfactory designs are possible when sound engineering judgment ls used in t.heir development. Three designs 
are referred to in this appendix on the basis of their satisfactory long-term performance. For smaller tanks. foundations ran consist 
of compacted crushed stone, screenings, fme gravel, clean sand, or similar material placed directly on virgin soil. Any unstable 
material must be removed. and any replacement materiaJ must be thoroughly compacted. Two recommended designs U1at include 
ringwalls are illustrated in Figures B-1 and B·2 and described in 8.4.2 and B.4.3. 

13 mm (1/z in.} thick (min) 
asphalt-impregnated 

board (optional) 

Centerline Of ringwall 
and shell 

25 mm 50 mrn 
(1 ln.) (2. in.) 
.. II .. · 11 ... -

, :: Slope 
... ~ 

.· 1 
• • 2. 

VIEW A-A 

Slope 0.3 m (1 ft) 

Outline of tank shell 

T/2 

Nominal tank diameter 1- T ---• 

PLAN OF CONCRETE RINGWALL 

•• .. r 75 mm (3 in.) min of compacted, clean sand 

I Slope ___ , __ _______ -
-~--------------... 

Coarse gravel 
or crushed 
stone A 

Remove any unsuitable material and 
1·8 m (~ ft) I I replace with suitable fill · then - berm 1f _.,._~.., . ' 
surrounding ~ thoroughly compact !ill 
grade Ts low 

Notes: 
1. See 8.4.2.3 for requirements for reinforcemenl. 
2.. The top of the concrete ringwall shall be smooth and level. The 

concrete strength shall be at least 20 MPa {3000 lbf/in.2) after 
28 days. Reinlorcemetit splices must be staggered and shall be 
lapped to develop full strength in the bond. If staggering of taps 

300 mm (12 ln.) min 

Is not possible, see ACI 31 B for additional development require
ments. 

3. Ringwalls that exceed 300 mm {1 2 in.) in width shall have 
rebars distrlbuted on boU1 faces. 

4. See B 4.2.2 for tile position of tl1e tank sllell on tile ringwall . 

Figure B-1-Example of Foundation with Concrete Ringwall 
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0.9m 0.6m 

,, Slope top of nngwalt 
away from tank if 

paved 
:: 75 mm (3 in.) min 

r
-(3 ft) min---..:·: (2 0) min 

:~ ..... 

1 ; ; of compacted, A j ~------ ---------- - --- -~~~~~-=:~~ ) . .. . . 

Crushed stone or gravel 

Note: Any unsuitable material shall be removed and 
replaced with suitable fill; Lhe fill shall then be Lhoroughly compacted. 

Thoroughly compacted fill of 
fine gravel, coarse sand, 
or other stable material 

Figure B-2-Example of Foundation with Crushed Stone Ringwall 

B.4.2 EARTH FOUNDATIONS WITH A CONCRETE RINGWALL 

B.4.2.1 Large tanks and tanks wlth heavy or tall shells and/or self-supported roofs impose a substantial load on the foundatio1t 
under the shell. This is particularly important with regard to sheJJ distortion in floating-roof tanks. When there is some doubt 
whether a foundation will be able to carry the shell load directly, a concrete ring'l.va ll foundation should be us!:'d. As an alternative 
to the concrete ringwall noted in this section. a crushed stone ringwall (see 8.4.3) may be used. A foundation with a concrete l'ing
wall has the followi ng advantages: 

a, It provides better ctistribution of d1e concentrated load of the shelJ to produce a more nearly unifonn soil loading under the tank. 
b. It provides a level. soUd starting plane for construction of the shell. 
c. lt provides a better means of leveling the tank grade, and it is capable of preserving its contour during construc1ion. 
d. lt retains the fill under the tank bottom and prevents loss of material as a result of erosion. 
e. It minimizes moisture under the tank. 

A disadvantage of concrete tingwalls is that they may not smoothly conform to differential settlenwnts. This disadvantage may 
lead to high bending stresses in the bottom plates adjacent tn the ringwall. 

8.4.2.2 When a c:oncrete ringwall is designed. it shall be proportioned so that the allowable soil bearing is not exceeded. The 
ringwall shall not be less than 300 mrn (12 in.) thick. The centerline diameter of the ringwall should equal the nominal diameter of 
the tank: however, th{· ringwall centerline may vary if required to facilitate the placement of anchor bolts or to satisfy soil bearing 
limits for seismic loads or excessive uplift fo~ces . The depth of the wall will depend on local conditions. but the depth must be 
sufficient to place the bottom of the ring'I.Vall below the antlclpated frost penetration and within the specifled bearing strata. As a 
minimum. the bottom of the ringwall, iffOLmded on soil, shaU be loc.ated 0.6 m (2 ft) below the lowest adjacent finish grade. Tank 
foundations must be constructed within the tolerances speclfied in 7 .5.5. Recesses shall be provided in the wall for flush-type 
cleanouts, drawoff sumps. and any other appurtenances that require recesses. 

B.4.2.3 A ringwall should be reinforced against temperature changes and shrinkage and reinforced to resist the lateral pressure 
of the confined fill with its surcharge from product loads. ACI 318 is recommended for design stress values, material specifica
tions. and rebar development and cover. The following items conceming a ringwall shall be considered: 

a. The ring wall shall be reinforced to resist the direct hoop tension resulting from the lateral earth pressure on the ringwall 's inside 
face. Unless substantiated by proper geotechnjcaJ analysis. the lateral eanb pressure shal l be assumed to be at least 50% of the verti
cal pressure due to fluid and soil weight. If a granular backfill is used, a lateral earth pressure coeffldent of 30% may be used. 
b. The ringwall shall be reinforced to resist the bending moment resulting from the unifonn moment load. The uniform moment 
load shaU account for the eccentriclties of the applied shelJ and pressw·e loads relative to the centmid of the resulting soil pressure. 
The pressure loau is clue to the fluid pressure on the horizontal projection of the ringwall inside the shelJ. 
c. The rirlgwall shall be reinforced to resist the bending and torsion moments resulting from lateral. wind. or seismic loads 
applied eccentrically to it. A rational analysis. which includes the eiTecl of thr foundation stiffness. shall be used to determine 
these moments and soil pressme d1stributions. 
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d. The total hoop steel area required to resist tl1e loads noted above shaJJ not be less than the area required for temperature 
changes and shrinkage. The hoop steel area required for temperature changes and shrinkage is 0.0025 times the vertical cross-sec
tional area of the 1ingwall or the minimum reinforcement for walls caJJed for in ACl 318. Chapter 14. 
e. For ringwalls, the vertical steel area required for temperature changes and shrinkage is 0.0015 1·imes the horizontal cross-sec
tional area of the ringwall or the minimum reinforcement for walls called for in ACI 318. Chapter 14. Additional vertical steel 
may be required for uplift or torsionaJ resistance. lf the ring foundation is wider than its depth, the design shall consider its behav
ior as an annular slab with flexure in the radial direction. Temperature and shrinkage reinforcement shall meet the ACI 318 
provisions for slabs. (See ACJ 318, Chapter 7.) 
f. When the ringwall width exceeds 460 mm (18 in.) . using a footing beneath the wall should be considered. Footings may also 
be useful for resistance to uplifr forces. 
g.. Structural L>ackfill within and adjacent to concrete ringwalls and around items such as vaults, undertank piping, and sumps 
requires close field control to maintain settlerneol tolerances. Backfill should be granular material compacted to the density and 
compacting as specified in the foundation construction specifi cations. For other backfill materials. sufficient tests shall be con
ducted to verify that the materiaJ has adequate strength and will w1dergo rninimaJ settlement. 
h. lf the tank is designed and constmcted for elevated temperature service. see B.6. 1 os 

8 .4.3 EARTH FOUNDATIONS WITH A CRUSHED STONE AND GRAVEL RINGWALL 

8.4.3.1 A crushed srone or gravel ringwall wilJ provide adcrtuate support for high loads i111posed by a shell. A foundation wi th 
a crushed stone or gravel ringwaiJ bas the following advantages: 

a. It provides better distribution of the concentrated load of the shell to produce a more nearly unifom1 soil loading under the 
tank. 
b. It provides a rneans of leveling the tank grade. and it is capable of preserving its contour during construction. 
c. Tt retains the fill under the tank botto!'tJ and prevents loss of mat·e,ial as a result of erosion. 
d. It can more smooll1Jy accommodate differentiaJ settlement because ofil's flexibility. 

A disadvantage of the crushed stone or grdvel ringwallis that it is more difficult to constmcl it to close tolerances and achieve a 
tlal. level plane for construction of the tank shell. 

8 .4.3.2 For crushed stone or gravel ringwalls, careful selection of design details is necessary to ensure satisfacto1y perfor
mance. The type of foundation suggested is shown in Figure B-2. Significant details inClude the following: 

a. The 0.9 m (3 ft) shoulder and berm shaJJ be protected from erosion by being constructed of crushed stone or covered with a 
permanent paving material. 
b. Care shall be taken during construction to prepare and maintain a smooth, level surface for t11e tank bottom plates. 
c. The tank grade shall be constructed to provide adequate drainage away from the lank foundation. 
d. The tank foundation must be true to 1he specified plane within the tolerances specified in 7.5.5. 

B.4.4 SLAB FOUNDATIONS 

• 8.4.4.1 When the soil bearing loads must be distributed over an area larger Lhal) the tank area or when it is specified hy the 
owner, a reinforced concrete slab shall be used. Piles beneath the slab may be required for proper tank support. 

8.4.4.2 The structural design of the slab. whether oil grade or on piles, shall properly account for all loads jmposed upon tht• 
slab by the tank. The reinforcement requirements and the design details of construction shall be in accordance with ACT 318. 

8 .5 Tank Foundations for leak Detection 
Appendix l provides recommendations on the construction of tank and foundation systems for the detection of leaks through the 
bottoms of storage tanks. 
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8.6 Tank Foundations for Elevated Temperature Service 
The design and constnrclion of foundations for tanks operating at elevated temperatures I> 93°C (200"F)} should address the fol 
lowing considerations. 

a. When subjected to elevated operating temperatures. an unanchored tank may tend to move in one or more directions over time. 
This movement must be accommodated in the design of the tank fittings and attachments. 
b. Elevated temperature service may evaporate moisture in the soil suppor1ing the tank and lead to increased. and possibly non
uniform, settlemPnl. Such settlrmE>nt may include differential settJemenl between the ringwall and soil under the tank bottom 
immediately adjacent to the ringwall resulting from non-uniform shrinkage of the soil with respect to the stone or concrete 

os ringwall. 
c. In cases where there is high groundwater table, elevated temperatures may vaporize groundwater and generate undesirable 
steam. 
d. Attachments between the tank and the foundation must accommodate the thermal expansion and contraction of the tank with
out resulting ln unacceptable stress levels. 
e. The elevated temperature must be accow1ted for in the design of concrete ringwall foundations. The ringwall is subject to a 
moment due to the higher temperature at ~1e top of ~te ringwall with respect to the temperature at the bottom of the rtngwall. If 
not atlequately !ICCounted for in the design of the ringwall. lhis moment can lead to cracking of the concrete foundation and loss of 
tank support. 



APPENDIX C-EXTERNAL FLOATING ROOFS 

• C.1 Scope 
C.1.1 This appendix provides minimum requirements ~1ar. unless otherwise qualified in the text. apply to single-deck pontoon-
type and double-deck-type floating roofs. See Section 3 f01' the definition of these roof types. This appendix is intended to limit ll 

only those factors U1at afl'ectthe safety and durability of the installation and that are considered to be consistent with the quality 
and safery requirements of IJ1is Standard. Numerous alternative details and proprietary appurtenances are available: however. 
agreement between the Purchaser and the Manufacturer is required before they are used. 

C.1.2 The type of roof and seal to be provided shall be as specified on the Data Sheet, Line 30. lf the type is not specified, the 07 
Manufacturer shall provide a roof and seal that is cost-effective anrl suitable for the specified service. Pan-type floating roofs shall 
not be used. 

C.1.3 The Purchaser is required to provide all applicable jurisdictional requirements that apply to external floating roofs (see 
1.3). 

C. 1.4 See Appendjx W for bid requirements pertaining to extemal floating roofs. 

C.2 Material 

The material requirements of Section 4 shall apply unless otherwise stated in this appendix. Castings shall r.onfom1 to any of the 
following specit1cations: 

a. ASTM A 27M. grade 405-205 (ASTM A 27, grade 60-30), fully annealed. 
b. ASTM A 27M, grade 450-240 (ASTM A 27. grade 65-35), fully annealed or normalized and tempered, or quenched and 
tempered. 
c. ASTM A 216M (ASTM A 216) WCA, WCR or WCC grades annealed and normalized. or nonnalized and tempered. 

C.3 Design 

C.3.1 GENERAL 

• C.3.1.1 The roof and accessories shall be desigoed artd constructed so Utat the roof is allowed to float to the maximum design 
liquid level and then retLtrn to a liquid level that floats the roof well below the top of the tank shell without damage to any part of 
the roof. tank. or appurrenances. During such an occurrence. no manual atrention shall be requit•ed to protect the roof. tank. or 
appurtenances. lf a windskirt or top-shell extension is used, it shal l contain IJle roof seals at the highest point of travel. The Pur
chaser shall provide appropriate alarm devices to indicate a rise of the liquid In the tank to a level above the normal and overfill 
protection levels (see NFPA 30 and APT RP 2350). Overflow slots shall no! be used as a primary means of detecting an overfill 
inridenl. If specifled by the Purchaser (Table 4 of the Data Sheet). emergency overflow openings may be provided to protect the 
tank and floating roof from damage. 

07 

• C.3.1.2 The application of corrosion allowances shall be a matter of agreement between the Purchaser and the Manufacturer. I 
Corrosion allowance shall be added to ilie required minimum thickness or. when no minimum thickness is required. added to the 11 

minimum thickness required for functionality. 

C.3.1.3 Sleeves and fittings U1at penetrate ilie single deck or lower decks of annular pontoons or lower decks of double,deck 
roofs, except for automatic bleeder vents, rim space vents, and leg sleeves, shall have a mlnintwn wall thickness of "Standard 
Wall" for pipe NPS 6 and larger and 6 mm ('14 in.) for all other pipe and plate construction unless oOterwise specified on the Data 
Sheet, Table 5. Such penetrations sball extend into the Jlquid. 

C.3.1.4 The annular space between the roof outer rim of the floating roof and the product side of L11e tank shell shall be 07 
designed for proper clearance of the peripheral seal (see C.3.13). All appurtenances and lnternaJ components of the tank shall 
have adequate clearance for IJle proper operation of IJ1e completed roof assembly. 

• C.3.1.5 For tanks greater than 60 m (200ft) in diameter. the deck portion of ~ingle-deck pontoon floating roofs shall be 
designed to avoid flexural fatigue failure caused by design wind loads. Such designs shall be a maHer of agreement between Lhe 
Purchaser and the Manufacturer, using techniques such as undersine stitch welding. 

C-1 
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C.3.1.6 All conductive parts of the exiernaJ floating roof shall be electrically interconnected and bonded to the outer tank struc
ture. Bonding (grounding) shunts shall be provided on the external noating roof and shall be located above rhe uppermost seal. 

01 Shunts shall be 50-rnm (2-in.) wicte by 28-gauge (0.4-rnm Plfwin.]thick) austenitic stainless steel as a minimum. or shall provide 
equivalenl corrosion resistance and current carrying capacity as stated in NFPA 780 and API RP 2003. Shunt spacing shall be no 
more than 3 m (J 0 ft). All movable cover accessories (hatches, manholes. pressure relief devices. and other openings) on the exter
nal floating roof shall be electrically bonded to the external floating roof to prevent static electricity sparking whe>n d1ey are opened. 

C.3.2 JOINTS 

07 1 C.3.2.1 Joints shall be designed as described in 5.1. 

11 C.3.2.2 [f a lining is applied to the underside of the roof, all joints that will have a lining shall be seal-welded. 

C.3.3 DECKS 

C.3.3. 1 Roofs in corrosive service. such as covering sour crude oil. should be the contact type designed to eliminate the pres
ence of any air-vapor mixture w1der the deck. 

os i• C.3.3.2 Unless otherwise specified hy the Purchaser, all deck plates shall have a minimum nominal thickness of 48 mm 
(3/16 in,) (permissible ordering basis- 37.4 kgfmZ, 7.65 lbf/ft2 of plate, 0.180-in. plate. or 7-gauge sheet). 

C.3.3.3 Deck plates shal l be joined by continuous fu ll-fillet welds on the top side. On the bottom side, where Oexure can be 
anticipated atljacent to girders, support legs, or other relatively rigid members. full-fillet welds not less than 50 mrn (2 in.) long on 
250 mm (l 0 in.) centers shall be used on any plate laps that occur within 300 mm ( 12 in.) of any such members. A minimum of 
three flllet welds shall be made. 

C.3.3.4 Top decks of double-deck roofs and of pontoon sections, which are designed with a perntanent slope shall be designed. 
fabricated. a11d erected (with a minimum slope of 1 in 64) to mlnimize accumulation of standing water (e.g .. pooling adjacent to a 
rolling ladder's track) when primary roof drains are open. This requirement is not intended to completely eliminate isolated pud-

07 dles. When out of service. water shall flow freely to the primary roof drains. These decks shall preferably be lapped to provide d1e 
best drainage. Plate buckles sha ll be kept to a minimum. 

C.3.3.5 The deck of single-deck pontoon floating roofs shall be designed to be in contact with the liquid during normal opera
tion. regardless of service. The design shall accommodate deflection of tbe deck caused by trapped vapor. 

C.3.3.6 All covers for roof openings. except roof drains and vents. shall have gaskets or other sealing surfaces and shall be pro· 
vided with a liquld-tight cover. 

C.3.4 PONTOON DESIGN 

C.3.4.1 Floating roofs shall have sufficient buoyancy to remain ail oat on liquid with a specific gravily of the lower of the prod
uct specific gravity or 0.7 and with primary drains inoperatjve for the following conditions: 

a. 250 mm (l 0 in,) of rajnfall in a 24-hour period over the full horizontal tank area with the roofs intact. This condition does not 
apply to double-deck roofs provided wiU1 emergency drains designed to keep water to a lesser volwne that the roofs will safely 

07 support. Such emergency drains shall not allow the product to now onto the roof. 

Note: The rainfall rate for siziug the roof drains in C.3.8 may result in a larger ;;~ccumulated rainfall. 

• b. Single-deck and any two adjacent pontoon compartments punctured and flooded in single-deck pontoon roofs and any two 
adjacent compartments punctured and flooded in double-deck roofs. both roof types with no water or live load. 

With agreement by the Purchaser. Item b may be replaced by the following for floating roof.'i 6 m (20 ft) in diameter or less: Any 
one compartment punctured and flooded in single-deck pontoon roofs or double-deck roofs. both roof types with no water or live 
load. 

• C.3.4.2 The pontoon pardons of single-deck pontoon-type roofs shall be designed to have adequale strength to prevent perma
nent distortion when the center deck is loaded by its design rainwater (C.3.4.l . Item a) or when the center deck and two adjacent 
pontoons are punctuH~d (C.3,4, 1. Hem b). The allowable stress and stability criteria shall be jointly established by the Purchaser 
and the Manufacturer as part of the inquiry. Alternatively. a proof test simulating the conditions of C.3.4. l . with the roof floating 
on water. may be perfonned on the roof or on one of similar design that is of equal or greater diameter. 
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C.3.4.3 Any penetration of the floating roof shall not allow product to flow onto the roof under design conditions. The sag of 
the roof deck under design conditions and the minimum design specilk gravity (0.7) of thr stored liquid shall be considered in 
establishing the minimum elevations of all roof penetrations. 

C.3.5 PONTOON OPENINGS 

• Each compartment shall be provided with a liquid-tight manhole with a m.inimum nominal size Qf NPS 20. Manhole covers shal l 
be provided with suitable hold-down fixtures (which may be of the quick-opening type) or with other means of preventing wind 
or fire-fighting hose streams from removing the covers. The top edge of the manhole necks shall be at an elevation that prevents 01 

liquid from entering the compartments under the conditions of C.3.4. With agreement by the Purchaser. floating roofs 6 m (20 f1) 
in diameter or less may be designed using a pontoon inspection port in place of a pontoon manhole. 
Each compartment shall be vented to protect against internal or external pressure. Vents may be in t.he manhole cover, inspection 
pori cover. or the top deck of t.he compartment. The vents shall be at an elevation that prevents liquid from entering the com part
ment under the conditions of C.3.4. and shall terminate in a manner thai prevents entry of rain and fire-fighting liquids. 

C.3.6 COMPARTMENTS 

Compartment plates are radial or circumferential dividers fonning compartments that provide 11otation for the roof (see C.3.4) . 
AJJ internal compartment plates (or sheets) shall be single-fillet welded along all of U1eir edges. and other welding shall be per
formed at junctions as required to make each compartment leak tight. Each comprutment weld shall be tested for leak tightness 
using internal pressure or a vacuum box and a soap solution or penetrating oil, 

C.3. 7 LADDERS 

• Unless othe1wise specified by the Purchaser. t11e ftoatl.ng roof shall be supplled with a ladder that automatically adjusts to any roof 
position so that access to the roof is always provided. The ladder shall be designed for full-roof travel, regardless of U1e normal 
setting of the roof-leg supports. The ladder shaJJ have full-length handrails on both sides and shall be designed for a 4450 N 
(1000 Jbf) midpoint load with the ladder ilJ any operating position. Step assemblies shall be of open type and have non·s.lip walk· 
ing surfaces and self-leveling treads with a minimum width of 510 m (20 in.) and a 860 mm (34 in.) high handrail at the nose of 

07 

the tread. When U1e roof is in its extreme low position. the slope of the rolling ladder shall not be less than 35 degrees to vertical, 
unless specified otherwise by the Purchaser. Wheels shall be provided at the lower end of the ladder. sized to prevent binding of 07 

the ladder, and provided with mainrenance-free bearings. Ladders shall be grounded to both the roof and the gauger's platform 

• 

• 

wiU1 at least an AWG (American Wire Gage) 2/0 (67 sq. mm [0.1 04 sq. in.]). non-tangling cable. Cable shaU be configured so that 
it wiU not freeze to adjacent surfaces in cold weather. Ladder and track design shall minimize ponding by using trussed runways 
or oU1er details considering fatigue and stiffening effects resulting from supports. The Pul'chaset may elect to add 1equirements 
such as a wider stair width. lateral roof loading. and alternate runway designs that reduce ponding under the ladder. 

C.3.8 ROOF DRAINS 

C.3.8.1 Primary Roof Drains 

I . Prima1y roof drains shall be sized and positioned to accommodate the rainfall rates specified oo the Data Sheet. Line 33, 
while preventing the roof from accumulating a water level greater than design. wiU1out allowing the roof to tilt (-)XCessively or 
interfere with its operation. Roof drains shall be furnished attached to double·flanged. low-type nozzles on the tank shell with 
valves to be supplied by the Purchaser. A swing-type check valve shall be provided at the inlet of dralns unless otherwise spec
ified on the Data Sheet, Line 32. The drains shall be removable. if required by the Purchaser. Primary roof drains shall not be 
smaller than NPS 3 for roofs with a dian1eter less than or equa136 m (120 ft) or smaller than NPS 4 for roofs with a diameter 
greater than 36m (120 fl). 07 

2. Primary roof drains shaiJ be resistant to the tank's contents, or suitably coated, and shall be free from noaling. kinking, or 
catching on any internal appurtenance or obstructJon during operation. and from being crushed by landing legs on the bottom. 

3. The Purchaser shall specify. on the Data Sheet Line 32. the required plimary wof drain. Acceptable types of primaiy roof 
drains are: 

a. Manufacturer 's staridard drain. 
b. Steel swing or pivot-jointed pipe drains, designed and packed for extemal pressure. 
c. Stainless steel annored hose. 
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4. If supplied, rigid segments of drain piping attached to the bottom or the roof shall be guided, not rigidly attached, to allow 
for differential thermal expansion and plate flexing. The design shall avoid being damaged by the roof support legs or other 
obstructions. 

5. Siphon-type and non-armored hose-type drains are not acceptable as primary roof drains. 

6. Double-deck floating roofs up to 60 m (200ft) in diameter shall have either a single center sump or a reversed-slope, top
center deck with multiple sumps connected to a single drain line. depending on the design rainfall quantity and the roof config
uration. Double-deck floating roofs larger than 60 m (200 ft) in cliameter shall have a reversed-slope. top-center deck with 
multiple roof sumps having individual drain lines. 

7. Inlets to single-deck primary roof drains sha ll have guarded I rash stops or screens to stop debris from entering and obstruct
ing the drain system. The Manufacturer shall provide isolation valves to stop product tlow onto the roof When the check valve 
fails, unless specified o01erwise on Ute Data Sheet, Line 32. Cut-of!· valves for this purpose shall have extension handles to 
permit actuation when puddles obstruct access to the valve. 

8. When specified on the Data Sheet. Line 32 , drains. sumps. check valves, and cul'-off valves shall be protected from freeze 
damage by using special equipment designs. Any mechanically actuated cut-off valve shall permit actuation when the drain 

07 pipP is partially obstructed by chunk ice or slush (e.g., a rant valve or a metal-seated ball valve) . 

• C.3.8.2 Emergency Roof Drains 

Double-deck roofs shall have a minimum of three open-ended emergency roof drains desig11ed to provide drainage to prevent 
sinking the roof during severe rainfall events. Emergency drains are prohibited on single-deck noating roofs. Elevation of the 
emergency overnow drains shall be such that the outer rim cannot be completely submerged. These drains shall discharge at 
least 300 mm (I ft) below the bottom of the roof and shall consist of open-ended pipes. braced as necessary to the roof struc
ture. The drains shall be sized to handle the rainfall specified by the Purchaser, with a minimum diameter ofNPS 4. The drains 
shall be seaJed with a slit fabric seal or similar device that covers at least 90% of the opening that will reduce the product
exposed surfaces while permitting rainwater passage. The drains shall be fabricated from Schedule 80 pipe. or heavier. and fit
tings with 6 mm (1/4-in.) thick roof deck reinforcing plates. 

C.3.8.3 Out-of-Service Supplementary Drains 

• Threaded pipe couplings and plugs wi01 a GOO-mm (24-in.) extension ''T-bar'' handle shall be provided as supplementary drains 
when the roof is resting on its legs and when the primary drains are inoperative. The number of drains shall be based on the spec
ified rainfall rate (see Line 33 of the Data Sheet) and tank size. Fittings shall be at least NPS 4. Plugs shall have threads coated 
with a non-stick coating or anti-seize paste such as tetrailuoroethylene. One supplementary drain shall be located adjacent to the 
ladder track. 

C.3.9 VENTS 

To prevent overstressing of the roof deck or seal membrane. automatic bleeder vents (vacuum breakers) shall be furnished for 
venting air to or from the unders.ide of the deck when filling or emptying the tank. The Manufacturer shall deterntine and recom
mend the number and sizes of bleeder vents to be provided based on maximum filling and emptying rates specified. Each auto
matic bleeder ven~ (vacuum breaker vent) shall be closed at all times. except when required to be open to relieve excess pressure 
or vacuum. in accordance with the Manufacturer's design. Each automatic bleeder vent (vacuum breaker vent) shall be equippt>d 
with a gasketed lid, pallet. flapper. or other closure device. 

07 C.3.10 SUPPORTING LEGS 

• C.3.1 0.1 Floating roofs shall be provided with ei01er removable or non-removable legs. If removable legs are specified on the 
Data Sheet. Line 32, the legs shall be adjustable from the top side of the roof. and designed to be inse11ed through either fixed low 
legs or leg sleeves. Both low and high legs shall have cutouts (minimum of 19 mm [3/4 in.) wide) at the bottom to permit drainage 
of trapped product. Removable covers shall be provided for leg sleeves or fixed low legs when the adjustable legs are removed. 
Adjustable legs shall be capped on top. ff specified on the Data Sheet Line 32. removable legs shall be provided with storage 
rack(s) on ti1e top of the pontoon or deck appropriate for leg storage during normal operation or during maintenance. Rack quan
tJty and location shall be determined by U1e Manufacturer to balance the roof live load and shall take into account the weight of 
1he rolling ladder, The materials of construction shall be tabulated on the Data Sheet, Table 5. Removable legs shall be no SJnaller 
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than NPS 2. High legs shall have a stop to prevent their dropping through the low legs during installation. See C.1.3 regarding 
Purt:haser specification of jurisdictional requirements. 

C.3.10.2 The legs and auachments shall be designed to support the roof and a uniform live load of at least 1.2 l<Pa (25 lbf/fl2) . 
Where possible, the roof load shall be transmitted to the legs through bulkheads or diaphragms. Leg attachments to single decks 
shall be given particular attention to prevent fa ilures at the points of attachment. 

C.3.1 0.3 Legs shall have settings for a1 least two levels: 

a. A minimum setting dete1mined by the Manufacturer to support the roof in the low-roof position while clearing mixers, noz
zles. shell manholes, seals. and other con1ponents inside tbe tank by at least 75 mm (3 in.). and 

• b. The minimum cl<!'arance of the roo fin the high-roof position specified on the Data Sheet. Line 32. 

When specified on the Data Sheet. Line 33. the two settings shall be field-adaptable to allow for uneven tank bottom setLlement 
(i.e .. constructed to pennit small variations from the required positions for each leg). 

• C.3.10.4 Legs shall be Schedule 80 minimum and sleeves shaJJ be Schedule 40 minjmum unless specifieo otherwise on the 
Data Sheet, Table 5. 01 

C.3.1 0.5 Roof legs shall have rnatching steel landing pads continuous full-fi llet welded to the tank bottom with rnjnJmum 
dimensions of l 0-nun (Jfa-in.) thickness by 350-mm ( L 4-in.) diameter. The centerline of the legs shaU coincide with the centerline 
of the landjng pads. 

C.3.10.6 Roof support legs sleeves shall be installed plumb. Fixed legs or leg sleeves through single decks shaU be reinforced. 

C.3.1 0. 7 All fixed leg or leg sleeve penet·rattons through tJ1e deck plate (top and bottom for pontoon and double-deck roofs) 
shall be attached to the deck plate(s) will1 continuous fillet welds made from the lop side. as a minimum. 

• C.3.10.8 (f specifif'd (see C.l.3 regarding Purchaser specification of jurisdictional requirements). covers and seal'> shall be pro 
vided at all openings. 

• C.3.10.9 When side entry mixers are specified and there is inadequate clearance between the roof and mixer components. 
rather than increasing the leg lengths, the pontoon (or double deck) shall be notched with a recessed pocket provitling at least 
75 nun (3 in.) mixer component clearance at the low-roof position. 

C.3.11 ROOF MANHOLES 

Roof manholes shall be provided for access to the tank interior and for ventilation when the tank is empty. Manholes shall be 
located arow1d the roof to provide an effective pattem for access, lighting, and ventilation of the product storage interior. Each 
manhole shall have a minimum nominal diameter of 600 mm (24 in.) and shall have a liquid-tight gasketed, bolted cover equiva
lent to the cover shown in Figure 5-16. 
The minimum number of manholes shall be as follows: 

Nominal Tank Diameter D, 
m (ft) Minimum Number 

0 5 61 (200) 2 

61 (200) < D s 91 (300} 3 

91 (300) < D 4 

C.3.12 CENTERING AND ANTI-ROTATION DEVICES 

C.3.12.1 A guide pole shall be provided as an anti-rotation device for the floating roof. Locate the guide pole near the gauger's 
platform. The guide pole shall be capable of resisting the lateral forces in1posed by the roof ladder. unequal snow loads. and wind 

07 

loads. 07 

C.3.12.2 Guide pole sections shall be welded with full penetration butt welds. Backing strips are not permitted. Provision must 
be made for draining and venting of unslolled pipe. See 7 .5.2 for guide pole er'ection tolerance requirements. 
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• C.3.12.3 '1 he guide pole shall have all required emission control devices around the well opening where it penetrates the roof. 
such as those described in C.3.14.l. ltem (J) and specified on the Data Sheet. Line 32. (See C.l.3 regarding Purchaser specifica
tion of jurisdictional requirement.) 

C.3.13 PERIPHERAL SEALS 

C.3.13.1 See H.4 .4 for descriptions of peripheral seal types. selection guidelines. and additional requirements. Peripheral seals 
are also referred to as rim seals. 

• C.3.13.2 The Purchaser shall specify the seal materials in lhe Data Sheet, Table 5. 

• C.3.13.3 See C.1.3 regarding Purchaser specification of jurisdictional requirements. All seals shall be installed suc:h that gaps 
between the seal and the shell of the tank meet tbe gap requirements of the jurisdiction for new conslruction, if any. and the Pur
chaser's gap requirernenls. 

C.3.13.4 lnsrallation and removal of peripheral seals shall not require draining the tank. 

C.3.13.5 The specific requirements for extemal floating roof pe1ipheral seals are: 

07 • Primary Seal 
The type of primary seal 1uay be controUed by jurisdiction regulations. Types generally used are mechanical shoe seals and liquid
mounted (envelope) seals. Unless specified otherwise on the Data Sheet, Line 31, primary seals shal l be the mechanical shoe type 
and shall be supplied and installed by the roof Manufacturer. 

• Secondary Seal 
The type of secondary seal may be controlled by jurisdiction regulations. If required by the Purchaser. a secondary seal shaiJ be 
provided by rhe roof Manufach.lrer as specified on the Data Sheet. Line 31. Unless specified otherwise. secondary seals shalJ be 
the wiper type and shall be supplied and instaJJed by the roof Manufacturer. The design of the secondary seal shall permit inspec
tion of the primary seal without removal. 

Mechanical Shoe Seals 
The following additional requirements apply to mechanical shoe seals, if used, and which may be used as primary or secondary 
seals: 
The metal band (shoe) is typically fonned as a serles of sheets that are overlapped or joined together to form a ring rhat is held 
against the shell by a series of mechanical devices. For external floating roofs only, the mechanical shoe seal shoes shall extend at 
least 610 mm (24 in.) above and at least l 00 rnm (4 in.) into the liquid at the design flotation level. except when this type of seal is 
the second<Hy seal. installed above a primary seal, The "design no.-ation level" is defined as lhe roof position (under dead load 
conditions) for the specific gravity range from 0.7 to the design specific gravity on 1he Data Sheet. 

C.3 .14 GAUGING DEVICE 

• C.3. 14.1 Each roof shall be provided with gauging porls with caps (gauging wells or hatches) as indicated on the Data Sheer. 
Line 32 (see C.l.3 regarding Purchaser specification of jurisdictional requirement). with one port located adjacent 10 the gauger 's 
platform and remote from regions of turbulent flow. These ports may be as follows: 

• l. Slotted guide pole gauge wells: These are vertical anti-rotation pipes that can be used for gauging. Unless specified other
wise by the Purchaser, the pipe shall have two rows of 25-mm by 300-mm (l-in. by L2-in.) vertical slots on staggered 280-mm 
(11-in.) centers located 180 degrees apart. Slots shall range from the maximum !Til height to near the tank bottom. Holes may 
be provided in Ueu of slots if holes are required by the Purchaser. Well and pole shall be equipped with all required emission 

01 control devices. which may include Hems sucb as a gasketed sliding well cover. and a pole wiper. as well as either a pole 
sleeve or a pole float and float wiper (see APl MPMS 19.2 for reqttlrements and illustrations of some of these devices). Tf there 
are no slots or holes located so as to allow the stored liquid to flow into the pole at liquid levels above the lowest operating 
level, then the pole is not considered slotted for purposes of air regulation compliance (even if there are slots or holes located 
below the lowest operating level) . 

2. Non-guide pole gauge wells: These shall Ge NP$ 8 pipes projecting at least 150 mm (6 in,) above th~ roofs outer rim. For 
sample hatches without gauging apparatus. see C.3.l5.3. 

• C.3.14.2 Each gauge well shall have a 816.5 Class 150 bolt pallern, flat-face pipe flange witb a full-face gasket at its top, and 
shall be allached to a non-sparking cap. See C. 1.3 regarding Purchaser specification ofjurisdictionall.'equirements. 
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C.3.14.3 Each gauge well shall have a pem1anent gauge mark or tab just inside the cap on the pipe wall called a "reference 
point" or "knife edge." 

• C.3.14.4 When speci11ed on the Data Sheet, Line 32. a datum plate shall L>e attached to the bottom of Lhe slotted guide pole at 
the distance designated by the Purchaser. 

• C.3.14.5 If striking plates are specified on the Data Sheet. Line 32. they shall be provided on the tank bottom beneath the guide 
pole or under the gauge well if no guide pole is specified. 

• C.3.14.6 A gauger's platform shall be located at an elevation that remains above and clear of the roof. its sealing system. and 
foam dam even during an overflow evenL 111e Purchaser shall specify the platform location on the Data Sheet p·lan. The direction 
is typically upwind of the direction of the prevailing wind. 

C.3.15 OTHER ROOF ACCESSORIES 

C.3.15.1 Wax Scrapers 

If wax scrapers are specified on the Data Sheet, Line 31 , they shall be located such that the scraping action occurs below the liquid 
surface. Design of wax scrapers shall not interfere with bottom shell course accessories. 

C.3.15.2 Foam Dams 

• A foam dam. if specifi ed on the Data Sheet. Lint> 32. shall he installed on top plates of pontoon or roof deck at least 300 nun 
(12 in.) l>ut no more than 600 nun (24 in.) from the tank shell to contain foam fire-fighting soluUon. The foam dam shall be a min
imum of 300 mm (12 ln.) high and extend at least 50 mm (2 in.) above the lower of the secondary seal or any burnout panel. mea-
sured at its highest contact point with the shell. The dam shall be fabricated from 10 gauge (0.134 in.) or thicker steel plate with 07 
support braces installed on the side of ~1e foam clam closest to the center of the tank at a circumferential spacing of approximately 
1.5 m (5 l't) on center. Bollom of plate shall have 10-mm (3fs-in,) slotted weep holes. The dam shall be attached to the top deck 
plate by a continuous fillet weld on the foam side. See NFPA 11 for addHional information regarding foam dams. 

• C.3.15.3 Sample Hatches 

lf specified on the Data Sheet, Line 32. the Manufacturer shall instaU an NPS 8 sample hatch with funnel on the roof deck with 
remote access from the gauging platform. Manufacturer shall instal"! a recoil reel on the gauging platform. The hatch shall be 
equipped wlth a self-closing liquid-tight cover that can be opened and closed from the gauger's platform. 

C.3.15.4 Automatic Level Gauge 

• a. Tanks shall have a ground-level reading, automatic float-IE'vel gauge. unless otherwise specified on the Data Sheet, Table 4. 
b. Access for maintenance and repair shall be considered. 

c. Level gauge shall be located such that U1e float well is away from any appurtenances that. produce turbulence. 
d. The bottom of the float well shall be approximately 150 nm1 (6 in.) above the tank bottom when the l'loaling roof is at its low
est position. 

• e. Gauge float wells shall be equipped wlth a gasketed cover that is bolted closed. See C.l.3 regardjng Pw·chaser specification of 
jurisdictional requirements. 

C.3.15.5 Side Entry Mixers 

a. Mixers shall conform to the Data Sheet. Line 26. 
b. Each mixer shall be installed in cover plates in dedicated shell nozzles or manholes. 

C.4 Fabrication, Erection, Welding, Inspection, and Testing 

C.4.1 The applicable fabrication. erection. welding. inspection. and testing requirements of this Standarrt shall apply. 

C.4.2 Deck seams and other joints ~1at are required to be liquid- or vapor-tight shall be tested for leaks by •neans of penetrating 
oil or any ot11er method consistent with the methods described in this Standal'd for testing cone-roof seams and tank-bottom 
seams. 
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CA-3 The roof shall be given a flotation test while the tank is being filled with water and emptied_ During this test. the upper 
side of the lower deck shall be examined for leaks. The appearance of a damp spot on lhe upper side of rhe lower deck shall be 
considered evidence of leakage. 

C.4.4 The upper side of the upper decks of pontoon and double-deck roofs shall be visually inspected for pinholes and defec
tive welding. 

C.4_5 Drainpipe and hose systems of ptirrlary drains shall be tested with water at a pressure of 350 kPa (50 lbf/in.2) gauge. Dur
ing the ilotaUon test, the roof drain valves shaJI be kept open and observed for leakage of the tank contents into the drain lines. 



APPENDIX D-TECHNICAL INQUIRIES 

0 .1 Introduction 
API will consider written requests for interpretations of API Sid 650. API staff will make such interpretations in wl'iting after con
sulting, if necessary, with the appropriate committee officers and commHlee members. The APT committee responsible for main
taining APt Std 650 meets regularly to consider written requests for interpretations and revisions and to develop new criteria 
dictated by technological development. The commirtee's acrivities in this regard are limited strictly to interpretations of the Std 
and to the consideration of revisions to the present standard on U1e basis of new data or technology. As a matter of policy. API 
does not approve, certify. rate. or endorse any item, construction, proprietary device. or activity, and accordingly. inquiries that 
require such consideration will be returned. Moreover, API does not act as a consullant on specific engineering problems or on the 
general understanding or application of the Standard. If. based on the inquiry information submitted. it is the opinion of the com
mittee that the inquirer should seek other assistance, the inquiry will be returned vrith the recommendation tl1at such assistance be 
obtained. All inquiries that cannot be understood because they lack information will be returned. 

0.2 Inquiry Format 
0.2.1 Inquiries shall be linlited strietly to requests for interpretation of the current standard or to the cottsidf>tation of revisions 
tn the standard on the basis of new data or technology. Inquiries shall be submitted in the format described in 0.2.2 through 0.2.5. 

0 .2.2 Tite scope of an inquiry shall be limited to a single subject or a group of closely related subjects. An inquiry concerning 
two or more unrelated subjects will be returned. 

0 .2.3 An inquiry shall start with a background section that states the purpose of the inquiry. which would be either to obtain an 
inteqm~talion of the Standard or to propose a revision to the Standard. The backgrotmd section shall concisely provide the infor
mation needed for the committee's understanding of the inquiry (with sketches as necessary) and shall cite the applicable edition. 
revision, paragraphs, figttres. and tables. 

0 .2.4 After the background section, an inquiry's main section shall slate the inquiry as a condensed. precise question, omitting 
superfluous background information and, where appropriate.. posing the question so that the reply could take the form of "yes" or 
''no" (perhaps with provisos). This inquiry statement should be technically and editorially correct. The inquirer shall state what he 
or she believes the Standard requires. If the inquirer believes a revision to the Standard is needed, hP or she shall provide recom
mended wording. 

0 .2.5 The inquirer shall include his or her name and mailing address. The inquiry should ue typed; however. legible handwrit
ten inquiries wiJJ be considered. Inquiries should be submitted to the general manager of the Downstream Segment. American 
Pen·oleum Institute. 1220 L Street. N.W.. Washington, D.C. 20005. Inquiries complying wiiJ1lhe above format may be submitted 
by eleclronic mail to: standards@api.org. 

0 .3 Technical Inquiry Responses 
Following are selected rr.sponses to requests for interpretation API Std 650 requirements. A more extensive listing of interpreta
tions can be found on the API website at www.api.org in the "Committees/Standards" section. The current version of API Sid 650 

07 

may di.[fer from the following inquiries, which were developed against prior editions/addenda, making the following irH]uiries 07 

possibly invalid. The paragraph references in the following have nor bern revised to the reflect the new paragraph numbering 
issued in the 1 J th Edition of API Std 650. 

0·1 
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SECTION 1.1 SCOPE 

01 1 650-l-03/00 (Nore: See 1.1.3 in rhe 11111 Edition for revised rules penaining ro rhe use of Sl units wirhin the Swndard.l) 

Question 1: Regarding the use of SJ units, does APl650 allow either of Lhe following? 

(I) Use of SJ units throughout the design process. 

(2) Use the original U.S. Customary units with a hard conversion to Sl units as a final step to the design 
process. 

Reply l : Yes, both are allowed. 

Question 2: When SI units are used, does API 650 require different dimensional details compared to previous API 650 Edi
tions or USC unit details now specified in rhe lOth Edition? 

Reply 2: The commiltee currently has an agenda ilenl to study this question. Any changes resulting from this agenda item 
will appear in a future addendum or edition to API 650. 

Question 3: When Sl units are used, does API 650 require material thickness. material properties. configurations. etc. based 
solely on I he Sl units for a particular tank? 

Reply 3: The committee curTently has an agencia item to study lhis question. Any changes resulting from this agenda item 
will appear in a future addendum or edition to APT 650. 

Question 4: Does the wording of U1e Foreword to APl 650 requtre a separate check of the USC r·esu lts when SI unjt are spec
ified and after making such a check using the USC results if more restrictive? 

Reply4: No. 
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SECTION 2.2 PLATES 

650-] -09/01 

Question: 

Reply: 

650-I- 11/0 1 

Question: 

Reply: 

650-l-33/03 

Question: 

Reply; 

650-I-06/04 

For plate material certified by the Manufacturer to meet more than one specification, such as A 516 Grade 60 
and A 516 Grade 70. which specilication should be used when applying the rules in Table 2-3, Figure 2-1. and 07 

Sec:tion 2.2.9 or API 650? 

Dual certification of material is not addressed in API 650. except in 2.1.4 and AppendLx S. 

Does APT 650 require that the material in the bottom shell course and the annular plate be the same material 
spcci fi cation? 

API 650, Section 2.2.9.1, requires bottom plates welded to the shell to comply with Figure 2- l, but does not 
require the bottom shell course <md annular plate to be the same material specification. 

Are roof Jllaterials required to meet the toughness requirements in 2.2.9? 

No. Refer to 2.2.9.1. 

Question I; Does the 0.01 io. thickness tolerance specified for plate in API 650. 2.2.1.2.3 apply to carbon and stainless coil 
product? 

Reply 1: Yes. All requirements of the base document apply to an Appt'nttix S tank unless specifically changed or waived 
by a statement in Appendix S. Refer to $.1.5. 

Question 2: When purchasing hot -rolled coil-processed steel for use as roof, shell, and/or bottom plate on a stainless tank. 
does the ASTM under-run tolerance apply? 

Reply 2: The minimum of the ASTM tolerance or as specified in AP1650. Sections 2,2.1.1 . 2.2.1 .2. or 2.2.1.3. shall apply 
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SECTION 2.5 PIPING AND FORGINGS 

650-1-15/00 

Question: l For nozzles made from pipe materials. does API 650. Section 2.5.2 require that seamless pipe be used for noz
zles in shells made from Group l. ll, lll. or ITIA materials? 

Reply l: Yes. unless ASTM A 671 pipe is used. 

Question: 2: Does APT 650. Section. 2.5.2 preclude the use of electric-resistanc-e welded pipe meeting ASTM A 53. or elec
tric-welded pipe meeting APT SL. for nozzles in shells made frorn Group TV, NA. V. or VI materials, but allow 
use of electric-fusion-welded pipe nozzles made from ASTM A 67l? 

Reply 2: Yes. 
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SECTION 3.1 JOINTS 

650-l-11 /02 

Qut>stion: 

Reply: 

650-l-32/02 

Question: 

Reply: 

650-1-40/02 

Question: 

Reply: 

650-1-37/03 

Is there any allowance or provision to omit the top angle as required by APl 650, 3.1 .5.9e and 3. 1.5.9f if we can 
show by calculation that the top compression area is sufficient. 

No. 

Refen·ing to API 650, Section 3. J .5.3b, does the phrase " ... horizontal joints shall have a common vertical cen
terline" mean that the mid-thickness of the plates align vertically? 
Yes. This is sometimes referred to as "centerline-stacked". 

Does the lap weld of two bottom plates on the butt-welded annular plates have to be 12 in. away from the annular 
plates butt welds? 
No 

Question: Is it the intent of 3.1.3.5 to limit the maximum lap of a double welded lap joint to 2 in. and a single welded lap 
joint to 1 in. If not, is there a maximum lap requirement for single welded lap joint bottoms and roofs? Would 
thjs constraint. if any. also apply to bottom or roof repa.ir or rep.lacements governed by API 653. 

Reply: No 

650-1-49/03 

Question 1: 

Reply l: 

Question 2: 

Reply 2: 

Section 3.1 .3.5 of APJ 650 specifies minimum lap joint dimensions. Is there any limit on the maximum width of 
a lap joint? 

API Standard 650 cloes not address maximum lap. 

Can a lap joint consisting oftwo (2} l ftt in. plates be lapperl3 in.? 

Yes. Any lap that exceeds the minimum is acceptable. Refer to 3.1.3.5. 
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SECTION 3.5 ANNULAR BOTIOM PLATES 

650-1-49/00 

Question: 

Reply: 

650-J-22/03 

If a tank bottom slopes downward toward the center of the tank, are the annular plates required to lap over the 
bottom plates? 

This is not covered by APr 650. (5.1.5.4 in the I Fh Edition covers this issue.) 

Question: Section 3.5.2 states the annular boltom plates shall have at teast a 50 mm projection outside the shell. ls the ref
erence point to calculate the projection located on the outslde or inside diameter of the shell? 

Reply: The reference point is on the outside diameter of the shell plate, as stated in 3.5.2. 
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SECTION 3.6 SHELL DESIGN 

650-1-02/02 

Background: On one recent contract, con·osion allowance of0.25 in. was specified only on first shell course. The tank is 250ft 
(diameter) by 53ft high, with a liquid height of 48 f1 0 in. (external floater) and design specific g1'avity = 0.968. 
Detail clesign per the current edHion shows that the second course thickness is controUed by hydrostatic lest con
dition. which is incorrect. lnvestigation has proven thallhe current rules in API 650 for the variable design point 
n•ethDd are not valid for variable corrosion allowance. The second course thickness calculated is more than the 
one-foot method will calculate, however. d1is is not stated in API 650. l r is not unusual for a customer to specify 
variable corrosion allowance. The variable design point method is used only for large tanks and in some cases. as 
I have discovered, the second course will be calculated 1/ 16 in. Jhicker than needs to be when corrosion allow
ance is a significant percentage of firsc course. This ext ra thickness llrnounts to good some of mouey. 

Question: Is I he variable design point method of shell design covered under API 650. Section 3.6.4 valid for tanks with 
variable corrosion aJlowance (i.e., ctifferent corrosion for each shell course)? 

Reply: No. 
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SECTION 3.7 SHELL OPENINGS 

650-l -33/99 

Question: 

Reply: 

650-1-53/99 

Referring to APl 650, Section 3.7.4, must all flush-type cJeanouts and flush-type shell connections be stress
relieved regardless of the material used, the nozzle diameter, or the thickness of the shell insert plate? 

Yes. see Section 3.7.4.1. 

Question l : Per Section 3. 7 .4.2. for shelJ openings over NPS 12, if insert plates are not used to reinforce the shell opening. is 
the shell thickness a factor in dete1mlnlng if PWHi of the assembly is required? 

Reply l: Yes. 

Question 2: Regarding Section 3. 7 .4.2, is stress-relieving mandatory for the prefabricated assembly when the thickness of the 
thickened insert plate exceeds 1 ln., irrespective of the shell opening size? 

Reply 2: No. The requirement applies on.ly to NPS 12 or larger connections. 

650 l 01/00 

Question: 

Reply: 

650-l-l8/00 

Does AP.l 650. Section 3.7.4.3, allow stress-relieving nozzles. as described therein. after installation in the shell. 
using locally applied heaters? 

No. The heat treatment must be performed prior to installation in the tank. 

Question I: Referencing figure 3-14, does API 650 cover flush shell connections to be installed non-radially? 

Reply 1: No. 

Question 2: Refe,·encing Figure 3-15, are flush-type shell connections smaller than 8 in. covered in API 650? 

Reply 2: No. 

650-1-20/00 

Question

Reply: 

650-1-32/00 

Question: 

Reply: 

650-1-34/00 

Question: 

Rep.ly: 

650-[-43/00 

Question: 

Reply: 

Does API 650, Section 3. 7 .4, require that all flush-type cleanout fittings be stress-relieved? 

Yes. except as permitted by A.B.Z. 

Are square or rertanguJar man ways allowed per APr 650? If no. what specific section lJmits them? 

Yes. See Figme 3-14 for roof manway requirements. 

Does API 650. Section 3.7.4.2 requjre stress-relieving for materials in open ing connections coming under Croup 
I.ll, Ill or III A when 01e thickness of the shell is less than l in., but the sum of the shell plate thickness and the 
reinforcement plate thickness exceeds 1 in. f'ol' NPS 12 and larger? 

No. 

Referring to API 650. Sectiou 3.7.4.2. must a prefabricated manhole assembly be stress relieved if1he material is 
Croup II {A 131, Grade 13), Ute shell plate is 3/8 in. thick, and the opening is a 24 -in. diameter manhole? 

No, because the shell is less than 1 in. Olick. 



650-I-~7/00 

Question: 

Reply: 

650-l-48/00 

Question: 

Reply: 

650-1-07/02 

Question: 

Reply: 

650-l-28/02 

Question. 

Reply: 

650-I-56/02 

Question: 

Reply: 

650-l-07/04 

Question: 

Reply. 

650-1-09/04 

WELDED TANKS FOR OIL STORAGE 0-9 

Does API 650, Section 3.7.6.1. pen11it making a hot tapping connection on a blind flange on a nozzle ln a lank? 

No. Refer to API 650. Section 3.8.3, for rule>.s on installing a nozzle in a cover plate in a new tank. Refer to API 
653, Section 7.14. for rules and guidance on hot tapping in an in-service tank 

Does A PI 650 define a "neck" as piping or nozzle passing through the shell of the tank to the first flange, regard
less of the length and configuration (such as an upturned pipe connected by an elbow and another short piece 
pipe to the first flange) of this pipe? 

No. API does not define this term. Also. refer to Section 1.2. which defines d1e limits of applicability on piping. 

Given a 2 in. nominal bore non-reinforced nozzle in a non strf'ss-relicved sheiJ greater than 0.5 in. thickness. Are 
the minimum distances for: (1) the outer edge of nozzle attachment weld to center line of a shell butt weld. either 
vertical or horizontal, and (2) the toe-to-toe distance of the fillet to tlle shell-to-bottom weld, required to be I 0 in. 
(or 8x weld thickness) ami 3 in., respectively? 

Yes, for new tanks. see API 650. sections 3.7.3.1 , 3.7.3.3, and Figure 3-22. 

Wl tt:ll sltt:!ss tt:!lit:!viug the assl!lulJiy tMined iu AP1650 St:!cliotiS 3.7.4.1, 3.7.4.2. and 3.7.4.3. is il!Jenuissiule w 
perform a local heat treatment that includes part of a shell plate. instead of the whole shell plate, i.e., the portiou 
around the connection at full width of shell plate? 

No. however. there is no ru le against shortening the plate length circumferential1y. prior to instaUation of the fit· 
ling or connection. 

Do the minimum thicknesses listed in Table 3- 10, and calculated by the equations in section 3.7.7.G have a corro
sion allowance? 

No. See Section 3.3.2. 

Regarding Section 3.7.2 as it applies to Appendix f. when calculating the required shell thickness at the nozzle 
location is it necessary to use Lhe joint efficiency factor that was used for calculating the required tank shell 
thickness? 

No. 

Question I: Section 3. 7 .1.8 states "Reinforcement of shell openings that comply with API Standard 620 art' acceptaule alter· 
natives.·· When using API 620 to calculate nozzle reinforcement does the entire API 620 standard apply? 

Reply 1: No. 

Question 2: A.Pl 620 limits the design temperature to 250"F. Can the rules for nozzle reinforcement be used for designing 
nozzle reinforcemem for an API 650 Appendix M tank with a design temperature greater than 250"F? 

Reply 2: Yes. 

Question 3: Can the rules for nozzle reinforcement in API 620 be used for designing nozzle reinforcement for a stainless 
steel AP1650 Appendix Stank? 

Reply 3: Yes. 
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Question 4: When designing nozzle reinforcement for an API 650 tank using the rules of API 620, should the allowable 
stresses of API 650 be used? 

Reply 4: Yes. 
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SECTION 3.8 SHELL ATIACHMENTS AND TANK APPURTENANCES 

650-l-51/00 

Question: 

Reply: 

650-I -53/00 

Question: 

Reply: 

650-1-14/02 

API 650. Section 3.8.3.2. requires mixer manway balling flanges to be 40% thicker than the values shown in 
Table 3-3. Footnote b under Table 3-4 requires the minimum manway neck lltickness to he the lesser of th<> 
flange thickness or the shell plate. Is it therefore required that 111e minimum neck thickness on a mixer manway 
be the lesser of 140% of the flange thickness value in Table 3-3 or the shell thickness? 

No. 

Referring to APT 650, is magnetic particle testing applicable for inspecting permanent attarhrnents to the shell 
and al temporary attachment removal areas, when the material group is of Group I (A 283, Grade C)? 

No. See 3.8.1.2 and 5.2.3.5, in Addendum I to the lOth Edition of APJ 650. 

Background: Section 3.8.3.2 slates: ··a cover plate With a nozzle attachment for product-mixing eqllipment shall have a thiCKness 
at least 1.4 times greater tJ1an ilie tJlickness required by Table 3-3." Section 3.8.3.3 also states that "when cover 
plates (or blind flanges) are required for shell nozzles. Lhe minimum thickness shall be that given for flanges in 
Table 3-8," There seems to be a conflict between these rwo sections iu that when the lhickness specified by Table 3-
3 (al max liquid level) is increased by 40%, it is stillthiuner 1J1an tlte thickHess specified by Table 3-8. 

Question I: In determining the thickness of a cover plate and bolting flange in which product mixing equiprneru is installed. 
is there a confl ict between 3.8.3.2 and 3.8.3.3. 

Reply 1: No. 

Question 2: lf we are to adhere to 3.8.3.3, how are we to compute the new thickness of a cover plate whose integrity has been 
compromised by the addition of a hole into which a smaller adapter nozzle has been placed. Section 3.8.3.3 only 
directs the reader to Table 3-8 to find the dtickness of unadulterated cover plates. No mention is made in 3.8.3.3 
regarding how to compute lhe new thickness after a nozzle has been added. 

Reply 2: APl does not provide consulting on specific engineering problems or on ilie general understanding of its stan
dards. We can only provide interpretations requirements that are stated in an API Standard or consider revisio11s 
based on new data or tedmology. 
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SECTION 3.9 TOP AND INTERMEDIATE WIND GIRDERS 

650-1-39/99 

Question I: Is it acceptable l'or the primary (upper) bollom, of ru1 API 650 Appendix 1 double-bottom tank to not project 
through the shell and to be attached only to the inside of the shell? 

Reply 1: No. APJ 650, Section 3.4.2 requires the bottom plate project at least 25 nun (1 in.) outside the toe of the outer 
sht>ll-ro-hottnm weld. Section 3.5.2 requires the annular plate project at least 50 mm (2 in.) outside the shell. Fur-

07 (hermore. Section 3.1.5.7 requires the bottom be welded to the shell on both sides of the sheJJ. The only way this 
can be accomplished is wllh a shell prqjectlon. Figure J-4 illustrates an acceptable double-bottom installation. 
(See the 111.h Edilion for revised rules.) 

Question 2: 

Reply2: 

Question 3: 

Reply 3: 

What is the function of asphaiHmpregnated board written as "optional"? 

The function of the asphalt-impregnated board is to minimize water infiltration underneath the tank bottom and 
corrosion of the por1ion of the tank bottom in direct contact with the concrete ringwall. 

What is the expected effect on tank annular plates if the asphalt-impregnated board is not installed? 

See reply to Queslion 1. 



WELDED TANKS FOR O IL STORAGE 0 -13 

SECTION 3.10 ROOFS 

650-l-51/99 

Question J: In API 650. Section 3.10.5. is the calculated minimum thickness the actual required thickness that takes into 
account lhe span of unstH'fened cone plates with a total load of 45 Jbf/ft2? 

Reply J: 

Question 2: 

Reply 2: 

650-l-52/99 

Question: 

Reply: 

Yes, it is the minimum required thickness, exclusive of con·osion allowance. for the tank diameter and roof slope 
under consideration. It sl1ould be noted that tJ1e maximum allowable roof plate thickness limits the tank diameter 
as a function of the roof slope. 

How is the minimum thickness used? 

API does not act as a consultant on speciflc engineering problems or on the general understanding or application 
of its standards. APl 's activities in regard to technical inquiries are limited strictly to interpretations of the stan
dard and to the consideration of revisions to the present standard based on new data or technology. 

Is welding of tJ1e main roof support members to the roof plates allowed by the standard? 

No. see API 650. Section 3.10.2.3 that states that roof plates of supported cone roofs shall not be attached to the 
supporting members. 
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SECTION 5.2 DETAILS OF WELDING 

()50-1-11/00 

Question l : 

Reply l : 

Que~tion 2: 

Reply 2: 

Question 3: 

Reply 3: 

650-I-28/00 

Question 1: 

Reply 1: 

Question 2: 

Reply 2: 

()50-1-39/02 

Question: 

Reply: 

GSO-I -04/04 

Question 1: 

Reply 1: 

Does AP l 650 Section 5.2. 1 . I 0 require the use of low hydrogen electrodes when making manual horizontal 
welds between two shell plates when both plates are in Croups I-liJ, one plate is greater than I 2.5 mm (0.5 in.) 
thick and the other plate is 12.5 nun (0.5 in.) thick or less? 

Yes. 

Does API G50 Section 5.2.1.10 require ihe use oflow hydrogen electrodes when making manual welds betwef'n 
the shell and bottom plates when both plates are in Groups I-Ill. the shell plate is greater than 12.5 mm (0.5 in.) 
thick and the tank bottom plate is 12.5 mm (0.5 in.) thick or less? 

Yes. {The 11 th Edition modifies these rules.) 

Does APT 650 Section 5.2.1.10 require low hydrogen electrodes when making welds between two annular plate.s 
that are 12.5 mm tblck or less and are made of material in Croups 1-Lll. 

No. This question will be referred to the appropriate Subcommittee to confinn this is the desired requirement. 

Refen·ing to APl 650. Section 5.2.2.1, is the tank Manufacturer allowed to set the sequence of welding the tloor 
plates, if tl1e sequence has been found by the Manufacturer to yield the least distorlion from shrinkage? 

Yes. see Section 5.2.2.1. 

l f bottom plate seams are left open for shrinkage. then must the shell-to-bottom comer weld be practical ly com
plete prior to making the welds left open for shrinkage compensation? 

Yes, see Section 5.2.2.2. 

Can a lank be constructed when the ambient air temperature is Jess than 0°F? 

Yes. providing that the base metal temperature meets the requirements of section 5.2. 1.2. 

Can E-7024 electrodes be used to weld the sheU-to-bottom weld when the thickness of the sheU and bottom 
plates are both less 01an _ .. and both materials are from Groups 1-lli? 

Yes. Refer to API 650, Section 5.2.1.10. 
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SECTION 5.3 INSPECTING, TESTING, AND REPAIRS 

650-I-16/00 

Question: 

Reply; 

G50-l-21/00 

Regarding the hydro-testing of a tank to be lined intemally, does AP l 650 require the tank to be filled with water 
before and after the lining is installed, or only before the lining is installed. or only after the li11ing is installed? 

APJ 650 does not cover this i.ssue. APl does not provide consulting advice on issues that are not addresseclln 
APl 650. 

Question 1: Does APl 650 require any additional testing he yond the hydrostatic (water) test specified in Section 5.3.5 for a 
tank destgned for product with specific gravity greater than 1? 

Reply 1: No. Section F.7.6 provides additional requirements for Appendix F tanks. fhe Purchaser may require more strin
gent testing as a supplemental requirement. 

Question 2: Given the following conditions: nominal diameter of the tank- 30 m, height of shell- 18.4 m, roof- torospherical, 
specific gravity of content- 1.32, top gauge pressure-G. Can the design calculation for test condition be executed 
on API 650 and Appenclix F (design pressure on bottom level 233 CPA or more)? 

Reply 2: API does not provide consulting on specific engineering problems or on the general understanding and applica
tion of lls standards. We can only provide interpn!Lations of API 650 requiremems. Please refer to Appendix D 
and restate your inquJry so that il poses a question on the meaning of a requirement in AP1650. 

650-l-22/00 

Question: Referring to 5.3.6 and 5.3.7, is it permissible to weld insulalion clips or pins. using a stud welding procedure. on 
a tank shell and/or roof aftel' the hydrostatic test? 

Reply: No. 

650-1-33/00 

Question: Does API 650, Section 5.3.5, prohibit starting the water fiLUng for hydrostatic testing while completing some 
welded attachments on the last shell ring above the water level? 

Reply: No. (See 7 .3.5(1) in the 111h Edition which gives new rules.) 1 07 

650-l-12/0 I 

Question 1: Does APJ 650 require that tolerances (plumbness/peaking bending/roundness) be checked after lhe construction 
of each shell course. rather than after the c-ompletion of the entire shell? 

Reply 1: 

Question 2; 

Reply 2: 

These tolerances must be measured by Lhe Purchaser 's inspector at anytime prior to the hydrostatic test. See Sec- I 
07 Uons 4.2.3. 5.3.1.2. and 5.5.6 (7.5.1 in U1e 11rh Edition). 

If repairs are required to meet the specified tolerances. when must the repairs be made? 

API 650 does not address the timing of these repairs. 
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SECTION 5_4 REPAIRS TO WELDS 

650-I-48/99 

Question l: If welds in a non-radiographed tank (e.g., per Appendix A) are examined by visual exami nation and determined 
to be defective. does APT 650 permit the Purchaser to then require radiographic examinaliou of the welds? 

Reply 1: Section 5.4.1 requires that the Purchaser's inspector approve the plan ro resolve the problem. The ramifications 
of any upgrade ro the NDE procedure originally re~uired , such as ratUograplling the welds in this case. become a 
coutTactual mCltter. 

Question 2: For Purchaser-specified NDE. if required to resolve a vlsual flncting. what acceptance criteria applies? 

Reply 2: This is a contractual matter not covered by AP1650. 



WELDED TANKS FOR OIL STORAGE D-17 

SECTION 5.5 DIMENSIONAL TOLERANCES 

650-L-24/00 

Question: 

Reply: 

650-I-29/00 

Question: 

Reply: 

050-f-40/00 

Question: 

Reply: 

650-1-07/0 t 

API 650 gives tolerances for plumbness and roundness, bul these are related to the lank shell. Are there any 
defined tolerances on the tank roof, such as on the rim space dimension? 

No. 

Does the phrase in Section 5.5.5.2.a of API 650. ·' the top of the ring wal l shall be level within ±3mm (1/R in.) in 
any 9 m (30ft) of the circumference", mean that the ring wall upper plane position is to be between two horizon
tal planf:'.s 6 mm apart or 3 rnm apart? 

6 mm apart. 

For ta11ks built to API 650 and complying with Section 5.5 dimensional tolerances and subsequently commis
sioned. do the minimum requirements of API 650 wid1 respect to plumbness, banding, etc .. still apply afler a 
tank has been placed in service? 

No. AP1650 covers the design and construction of new tanks. Any tolerance rules that migh1 apply after the tank 
has been placed in service, typically API 653 plus any supplemental owner requirements. are to be determined 
by the local jurisdiction and the tank owner. See API 653. 1.1.1 , Section 8, and J 0.5.2. for flllther iufom1ation 
and for some examples. 

Question 1: API 650, Section 5.5.1. states that the tolerances as specified may be waived by (agreement between the Pur
chaser and the Manufacturer). If a tank does not meet the specified tolerance with regards to one spcdt1c area 
such as the roundness but has met 01e tolerance in relation to plumbness and local deviation as well as all the 
testing requirements such as radiography and hydro-testing, can the Manufacturer insist that the Purchaser 
accept the tank? 

Reply 1: No. Agreement by both parties is required. (fhe Purchaser's waiver is required in the 111h Edition.) 1 01 

Question 2: Since Section 5.5.1 states that the purpose of tJle tolerances as specified is for appearance and to permit proper 
function ing of tloating roofs. is it therefore co1Tect to conclude that the Purchaser has no right to refuse to accept 
a tank which has passed aU tests required by API 650 but may have some out-of-tolerance in one or more areas? 

ReplyZ: No. 

QuesUon 3: An inspection measurement shows a maximum out of roundness of 28 rnm on the uppermost shell course at 
three locations in a tank. Is this detrimental to the structural integrity of the tank? 

Re~ly 3: API can only provide interpretations of AP1650 requirements or consider revisions to the standard based on new 
data or technology. API does not provide consuJting on specific engineering problerns or on the- general under
standing of its standards. 

650-1·08/01 

Question: 

Reply; 

Does the lOth Edil"ion of API 650 specify tolerances for the elevation and orientation of shell nozzles? 

No. (See the l tlh Edition for elevation tolerances.) 
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SECTION 6 

650-l-47/99 

Question; 

Reply: 

API STANDARD 650 

METHODS OF INSPECTING JOINTS 

Does AP1650 allow rhe Purchaser to require radiographk examimltion as a requirement for acceptance after fab
rication on a tank that is not required to be radiographed per API 650 n~es? 

API 650 does not prohibit the Purchaser from specifying additional requirements. These are contracn1al issues 
outside the scope of the document. 
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SECTION 6.1 RADIOGRAPHIC METHOD 

650-1-10/02 

Question; For repaired regions made after spot radiography detects defective welding. is it correct that accor'ding to 6.1.7.2 
that only the original spot radiography requirements apply no matter the number of original spot and tracer radio
graphs taken? 

Reply: Yes. because the post-repair inspection procedure is spot radiography as was the original inspection requirement. 

Section 7.2 Qualification of Welding Procedures 

650-1-23/00 

Question~ Referring to 7.2.2. 2.2.8, and 2.2.9. for the fabrication and welding of shell nozzles made from pipe and f01gings 
meeting toughness requirements of 2.5.5. is it mandatory to have impact tests on weld procedure qualifications 
for welding these components? 

Reply: Yes, if these materials are welded to any of the components listed in 2.2.9.1 and the design metal temperature is 
below 20°F. See 7.2.2.4. 

650-I-27/03 

Question: 

Reply: 

650-I-34/03 

Question: 

Reply: 

650-1-42/03 

For the purposes of detennining rad iographic requirements for ranks can tank shell plate thickness of 0.5 inch 
thickness be considered to be 0.375 inch thick as outl ined in 6.1? 

No. Refer to Section 6.1.2.2b. 

Do the tequirernents of APl650 section 6.1.2.2 appJy to welds that wi!J be in the vertical position when the tank 
is in service, but are rnade in the flat or horizontal position? 

Yes. The requirements of6.L2.2 apply to welds that will be in the vertiral position when the lank is in service. 

Question 1: When annular plates are joined with single-welded butt joints. is one radiograph required at each of 50% of the 
total count of radial joints? 

Reply 1: Yes. See Section 6.1.2.9 (b). 

Question 2: When annular plates are joined with single·welded bun joints. is a radiograph required at each radial joint with 
the raniograph lengtJ1 covering 50% of the total length of the weld? 

Reply 2: No. The 50% factor is applied to the number of joints. not the length of joint. See Sectjon 6.1.2.9 (b) , 
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SECTION 8.1 NAMEPLATES 

650-T-49/00 

Question: 

Reply: 

For a lank bum to the lOth EdiMon. 1st Addendum. of API 650, is it acceptable to mark "November 1998" in the 
Edition box and "X" in the "Revision No." box on the nameplate? 

No. The marks should be the "month and year'' of the Ed ition in the firs! box. and the number of the addendum 
revision in the second box (e.g .. 0, 1. 2). 
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SECTION 8.3 CERTIFICATION 

650-l-L6/02 

Background: Secondary containment rules for petroleum tanks are almost universally applied. Most often these rules are satis
fied by constructing dike or berm waUs around a tank farm. However. due to space or other regulatory limita
tions. the o•vner may ,AJjsh to instaU double wall tanks where the outer tank would contain the volume of the 
inner tank should a catastrophic failure occur. ln this case, the outer wall wou ld have to be designed to contain 
the hydrostatic pressure of the liquid from the inner tank. In addition. consideration of detailed design for pipiug 
flexibility passing through I he outer wall would need to be made. 

Question: Is it permissible to construct a tank within a tank and certify both tanks to AP1650 Section 8.3? 

Reply: Yes. 
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APPENDIX C EXTERNAL FLOATING ROOFS 

650-l-12/2 

Questlon I: Referring to Section C.3.9. Must the thermal in-breathing/out-breathing requirements as per APJ Std 2000 also 
nE'ed to be considered during design of bleeder vents? (i.e .. during deciding size and quantiiy of bleeder vents. so 
1lrc1t there wil l not be any overstressing of roof deck or seal memlmtne). 

Reply 1: No, C.3.9 does not require venting per APJ Std 2000. 

QuPstion 2: If answer to Question 2 is yes. would if not be worthwhile to clarify the same appropriately in Section C.3.9 of 
API G50? 

Reply 2: See Reply I. 
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APPENDIX E SEISMIC DESIGN OF STORAGE TANKS 

650-l-44/99 (See Appendix E in the U'h Edition for new rules pe1taining to seismic design.]) 

Question I: Do the changes to Chapter 16, DMsion IV Earthquake Design, of the 1997 Uniform Building Code aiTect API 
650. Appendix E requirements? 

Reply I : The committee is currently considering changes t'CJ App<'ndix E as a result of the revisions to the Uni(orm Build
ing Code. Approved changes will appear in future addenda of API 650. 

Question 2: Why is the Seismic Zone Map of the Uniled States shown in API 650. Appendix E slightly differeut for that 
shown 011 page 2-37 of the 1997 Uniform Building Code. Figure 1 G-2? 

I 01 

Reply 2: The committee is currently conside~ing changes to Appendix E as a result of Lhe revisions to the Unf(orm Build- I 
07 ing Code. Approved changes wiU appear in a fuMe addendum or edltion of API 650. 

650-l-45/99 (See Appendix E ln the ll 0• Edition for new rules pertaining to seismic design. I) 

Question: Ls U1e value obtained from the equation in £.4.2 equal to UJe dimension measured radially inward from U1e 
interior face of the shell to the end of the annular plate (the "end of rhe annular plate .. is den ned here as the 
Inner edge/perimeter of the typical lap joint between the bottom and the annular plate)? (See E.6.2. 1.2 in the 
11 1ll Edi lion.) 

Reply: No, the dimension is measured radially inward from the interior face of the shell to the end of the annular plate, 
defined as the inner edge of the annular plate. The extent of the overlap of the bottom plate on the annula1 p.late 
is not a significant consideration. 

650-I-25/00 (See Appendix E in Lhe 111h Edition for new rules pe~·taining to seismic design.) 

Qut:sliou 1: Should tbe metric furrnula for calculating U1e narural period of the first sloshing mode in Section E.3.3.2 read: 

0 .5 ( l ) 
T '"' keD ) 0.5521 

Reply t; Yes. This con'ection will appear in Addendum 2 of AP1650. (See E.4.5ln the nth Edition.) 

Question 2: Should the metric formula for calculating the width of the thicker plate under the shell Jn Section E.4.2 read: 

Reply 2: Yes. This correction will appear in Addendum 2 of APL650. 

Question 3: ls the folloWing revision to Section E.SJ appropriate? 

"When Mild- (wr+ wJJ is greater than 1.57 or when bllOOOt (bll2t) is greater than F,1 (see E.5.3). the tank is 
structurally unstable.~ 

Reply 3: Yes. This conection will appear in Addeudum 2 of API G50, 

Question 4: Is the foJJowing revision to Section E.5.3 appropriate? 

"The maximum longitudinal compressive stress in the shell b'IOOOt (bll2L), shall not exceed the maximum 
allowable stress, F~. detem1ined by the following formulas for F8 , which take in to account...· 

Reply 4: Yes. This com·ction was made in Addendum 1 of AP1650. released in March 2000. 
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APPENDIX F DESIGN OF TANKS FOR SMALL INTERNAL PRESSURES 

G50-l -12/00 

Question: 

Reply: 

650-l- l!i/02 

Question 1: 

Reply 1: 

Question 2: 

Reply 2: 

QuesHon 3: 

Reply 3: 

650-T -25/03 

Question 1: 

Reply L: 

650-1-30/03 

Question: 

Reply; 

Assume a tank is to be designrd to API 650, Appendix E1.2, (the internal pressl,Jre will be greater than the 
weight of thP. roof plates but less than the weight of the shell, roof and framing). ln addition. assume anchors are 
to he added for some reasou other than inrernal pressure. for example: seismic, wind. sliding, overturning Ol' user 
mandated. Does the tank have to be designed to AP1650 Section F.7? 

No, only Sections F.2 through F.6 apply. Section 3.11 applies to anchors that resist wind ove1i urning when spec
ified by the Purchaser. Appendix E applies to anchors provided for seismic. APJ 's Subcommittee on Pressure 
Vessels and Tanks is currenUy reviewing API 650 anchor requirements. (F.Z has been deleted.) 

Is the ·' W' in 3.10.2.5.3 referring to the same" W' in F,4.2? 

Yes. (Paragraph 3.10.2.5.3 has been deleted.) 

Does" w· in F.4.2 include the weight of~1e bottom ofthe tank? 

No. ('' W' has been revised to "Drs" in the 11th Edition.) 

Is the "A'' in 3.10.2.5.3 refening to the same "A" in F.4. land cross-hatched area shown in Figure F-2? 

Yes. 

If jntemal pressure inside tank does not exceed the weight of the shell. roof, and attached framing, but 
exceeds the weight of the roof plates (Basic Design plus Appendix F. 1 to F.6), must H be increased by the 
quantity P/12G7 

No. 

For an anchored tank. can the Pm;.v: calculation in F.4.2 be exceeded by the design pressure of the tank? 

Yes. 
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APPENDIX H INTERNAL FLOATING ROOFS 

650-I-50/99 

Question 1; Does API 650 require tJ1at floating roof seals be installed prior to hydro-testing the tank? 

Reply 1: No. (See H.4.4.4 in the ll'h Edition for revised rules.) 

Question 2: Js a roof seal considered a major component of the tank? 

Reply 2: AP1650 does not use the term ''major component." 

650-I-10/00 

Question: 

l~eply: 

650-J-38/(}2 

Does AP1 650 provide a way to obtain a frangible roof connection on a small tank describe as follows? 

Diameter: 8 fr 

Hejght: 10 ft 

• Cross sectional area of the roof-to-shell junction .. A": larger than that allowed by the equation in Section 
3.10. 

No. The API SullcommiUee on Pressure Vessels and Tanks is currently reviewing the desig11 criteria lor frangible 
roofjoirHs. You may wish Lo review API Publ 937 Evaluation of DesifJn Crjferla for Sloragc• Tanks WiUJ Frangi
ble Roo!Joints. 

Question 1: ls U1e reference to NFPA I J found in footrlote number I under item H.2.1 meant to establish that non-perforated 
honeycomb floating roofs <tre the exclusively perrnitted type ro be used if an 11.2.2.f type noating roof is being 
considered? 

Reply I: No. The reference to NFPA 11 is solely related to the design of a fire suppression system (if used). 

Queslio11 2: Per H.4.1.7 "Inspection openings shall be located above the liquid level and closed compartments shall be capa
ble of being resealed in the field after periodic inspection (to prevent Uquld or vapor entry)." ln the case of float
ing roofs type H.2.2.f, does "inspection openings" refer to screwed couplings, test plug or similar devices. or is it 
implied by "inspection openings·· the disassembling in the field of flotation modules? 

Reply 2: Yes, "inspection openings" in Section H.4. 1.7 refers ro screwed couplings. test plugs or similar devices and not 
to the ctisassembling in the field of flotation modules. 

Question 3: Does note c of API 650 Table 3-6 allow the customer to locate nozzles lower than allowed by the weld spacing 
requirements of 3.7 .3? 

Reply 3: No. 

650-I-09/03 

Question: 

Reply: 

Does H.4.2.2 require internal floating roofs be designed to support a uniform load of 500 lbf/in. 2? 

The 500 lb force is to be applied as a moving concentrated load over one squafe foot located anywhere on the 
roof. Refer to H.4.2.5 for clistributed unifonn loadi11g. 

I o1 
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APPENDIX J SHOP-ASSEMBLED STORAGE TANKS 

650-I-05/02 

Question: 

Reply: 

650-l-18/02 

Background: 

Question: 

Response: 

()50-1-36/02 

Question: 

Reply: 

APPENDIX P 

650-I-12/04 

Referencing Appendix J. does the roof plate material have to meet the same toughness requiremenls as the sheU 
plate on tanks located in -4.0°F areas? (Assume F.7 is not arplicable.) 

This is not addressed in API 650. 

Many times small tanks with diameters less than 10ft are specified for constn.Jction in accordance with API 650. 
A review of API 650, Section 3.6.1.1, shows the minimum thickness to be 3; 16 in. and 3.6.1.2 indicates that the 
minimum sl1ell pi ale width is 72 in. Appendix J srates that the maximum tank diameter of a tank constructed to 
APl 650 is 20 ft. 

Is there a minimulll diamerer or height or volume for which new tanks constructed to APT 650 apply? 

No. 

On an API650 shop-fab1icated lank {Appendix J) , can a reinforcing plate cross a shell weld? 

Yes. SeeJ,3.6.1 and 3.7. 

ALLOWABLE EXTERNAL LOADS ON SHELL OPENINGS 

Question J: If the nozzle has a compensating pad to Table 3-6, does the code require a check to be made on stress levels at 
the edge of the pad and tf so cru1 WRC 297 be used wiU1 the stress reduction factor applied fTom P.3? 

Reply 1: No. 

Question 2: If rhe nozzle neck meets the requirements of Table 3-7. are any fLtrdlet· checks required to find stress levels in the 
nozzle neck and if so can WRC 297 be used with the stress reduction factor applied from P.3? 

Heply 2: No. 
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APPENDIX S AUSTENITIC STAINLESS STEEL STORAGE TANKS 

650-l- l9/00 

Question; 

Reply: 

650-1-28/03 

Question: 

Reply: 

In my opinion. the formulas given for shell thickness calculallon for stainless steel materials in Appendix S. Par. 
5.3.2 include the corrosion allowance (CA) at the wrong place. The formulas should consist of two parts. the sec
ond part should be the CA without the division by. 

Yes, you are correct. This typographica l en·or was cOITected in Addendum I to API 650, 10111 Edition. 

Should the bortom plates be for stainless tanks be 1/,1 in. thick? 

No, The :lfH; in. minimum bottom plate thickness for stainless steel is intentional and is not related to the ioint 
efficiency. 



APPENDIX E-SEISMIC DESIGN OF STORAGE TANKS 

Part !-Provisions 

E.1 Scope 
This appendix provides minimum requireme11ts for the design of welded steel storage tanks that may be subject to seismic ground 
motion. ·n1ese requirements represent accepted practice for application to welded steel flat-bottom tanks supported at grade. 
The fundamental perfonuance goal for seismic design in this appendix is the protection of life and prevention of catastrophic col
lapse of the tank. Application oflbis Standard does not imply thar Jam age to the tank and related components wi.ll not occur dm
ing seismic events. 
TI1is appendix is based on the aUo•vable stress design (ASD) methods with the specific load combinations given herein. Applica
tion or load combinations fl-om other design docLUnents or codes is not recommended. and may require lhe design methods in lllis 
appendix be modified to produce practical, realistic solutions. The methods use an equivalent late1·aJ force analysis that applies 
equivalent static lateral forces to a linear mathematical model of the tank based on a tigid wall, lixed based model. 
'The grow1d 111otion requirements in Uus appendix are derived from ASCE 7. whlch is based on a maxinnun considered eatth
quake ground motion defined as lhe motion due to an event with a 2% probability of exceedauce within a 50-year petiod (a recur
rence interval of approximately 2,500 years). Application of these provisions as written is deemed Lo meet the intent and 
requiretllents of ASCE 7. Accepted techniques for applying these provisions in regions or jw·isdictions where the regulatory 
requirements differ 1i-om ASCE 7 are also included. 
The pseudo-dynamic design procedw·es contained in this appendix are based on response spectra analysis metl10ds ~md consider 
two response modes oft he tank and its contents-impulsive and convecllve. Dynamic analysis is not required nor included within 
U1e scope of this appendix. TI1e eq11ivalent lateral seismic force and overtuming moment applied to the shell as a result of the 
response of the masses to lateral ground motion are determined. Provisions are included to assure stability of the tank shell with 
respect to ovetturning and to resist buckling of the tank shell as a result of longitudinal compression. 
TI1e design procedures contained in this appendix are based on a 5% damped response spectra for the impulsive mode and 0.5% 
damped spectl·a for the convective mode supported at grade "'rith adjustments for site-specific soil chaJacteristics. Application to 
tanks suppot1ed on a framework elevated above grade is beyond ll1e scope of this appendix.. Seismic design of floating roofs is 
beyond the SCl~pe of this appoodix. 
Optional design proce.dw·es are included for the consideration of the increased damping and increase in natural period of vibration 
due to soil-structure interaction for mechanically-anchored tanks. 
Tanks located in regionsv.~1ere S1 is less than or equal to 0.04 and Ss less thau or eqnal to 0.15. or the peak gmund acceleration for 
the grOtmd motion defined by the regulatory requirements is less than or equal to 0.05g. need not be designed for seismic forces: 
however. in these regions. tanks in SUG Ill shall comply with the freeboard requirements of this appendix. 

• Dynan1ic analysis meUJOds incorporating fluid-st111cture and soil-stluctme interaction are pennitted to be used in lieu oflhe proce
dmes contained in thjs appeudL'< with Ptu·cbaser approval and provided the design and construction details are as safe as othetwise 
provided in this appendix. 

E.2 Definitions and Notations 
E.2.1 DEFINITIONS 

E.2. 1.1 active fault: A fault for which there is an average histotic slip rate of I m•u (0.4 in.) per year or more and geologic 
evidence of seismic activitywith.i.n Holocene times (past 11.000 years). 

E.2.1.2 characteristic earthquake: AJ1 earthquake assessed for an active fault having. a magnitude equal to the best-esti
mate of the maximum magnitude capable of occw1-ing on the fault, but not less than the largest magnitude that has occurred hjs
todcally on the fault. 

E.2.1.3 maximum considered earthquake (MCE): The most severe em1hquake ground motion considered in this 
appendix. 

E.2.1.4 mechanically-anchored tank: Tanks that have anchor bolts, straps or other mechanical devices to anchor U1e tank 
to the foundation. 

E.2.1.5 self-anchored tank: Tanks t11at use the inherent stability ofthe self-weight of the tank and the stored product to 
resist overh.1ming forces. 

E-1 
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E.2.1.6 site c lass: A classification assigne.d to a site based on the types of soils present aud their engineering propetties as 
deiined in this appendix. 

o7 1 E.2.2 NOTATIONS 

os l 

081 
07 

os l 

08 

071 
08 

A Lateral acceleration coefficient, o/og 

A" Convective design response spectrum acceleration coefficient. o/og 

Acceleration coefficient for sloshing wave height calculation. %g 

A, Tmpulsive desigp response spectrum acceleration coefficient. %g 

A,, Vertical eruthquake acceleration coefficient, %g 

Deflection runplification factor, Cn= 2 

Ci Coefficient t·or determining impulsive period of tank system 

D Nominal tank diameter, m (.ft) 

Total thickness (100- d3 ) of cohesive soil layers in the top JO m (I 00 ft) 

Thickness of auy soil layer i (between 0 and 30 m [I 00 ft]) 

d.~ Total thickness of cohesion less soil layers in the top JO m (100ft) 

E Elastic Moduh1s of tank material. MPa (lbi1in. 2) 

F0 Acceleration-based site coefficient (at 0.2 sec period) 

F,,,, 

Allowable longitudinal shell-membrane compression stress, MPa (lbt/in.2 ) 

Minimum specified yield strength of shell course, MPa (lbf/in. 2) 

F., Velocity-based site coefficient (at 1.0 sec period) 

Minimum speci.fi.ed yield str-ength of bottom annulus. I\IIPa (lbfi'in. 2) 

G Specific gravity 

g Acceleration due to gravity in consistent tmits, m/sec2 (ft/sec2) 

G~ Effective specific gravity including vettieal seismic effects= G (1 - 0.4A,.) 

H Maxinmm design product level, m (ft) 

Hs ll1id,11ess of soil. m (ft) 

I JJ11pottance factor coefficient set by seismic use group 

J Anchorage ratio 

K Coefficient to adjust the spectral acceleration from 5%- 0.5% damping= 1.5 unless o01er.Nise specified 

L Required minimum width of thickened bottom annular ring measured from the inside of the shell m (ft) 

Selected width of aiUlulus (bottom or thlckened annular ring) to provide the resisting force for self anchorage. measured 

fi·om the iuside of the shell m (ft) 

1,1 l11ickness, exclltding con·osion allowance. mm (in.) ofthe bottom annulus w1der tbe shell required to provide the resist
ing force for self anchorage. The bottom plate for tb.is thickness shall extertd radially at least the distance, L, from the 
inside of the shell. 1bis term applies for self-anchored tanks only. 

Nf,,,. Ringwall morueut- POition of the total overturning moment that acts at the base of the tauk shell petimeter. Nm (fl.-lb) 

Slab moment (used for slab and pile cap design). Nm (fl-lb) 

Standard penetration resistance, ASTM D 1586 

N Average field standard penetration test for the top 30 m (I 00 ft) 
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nA Nmnber of equaUy-spaced anchors around the tank circumference 

Nc Convective hoop membt'ane force in tank shell, N/mm (lbfJin.) 

Nch Average standard penetration of cobesionless soil layers for the top 30 ru (tOO A:) 

N,, Product hydrostatic membrane force, N/mm (lbflin.) 

N1 fmpulsive hoop membrane force in tank shell. N/mm (lbf/in.) 

Anchorage attachment design load. N (lbt) 

P.4B Anchor design load, N (lb1) 

Pf 

PI 

Ovettuming bearing force based on the maxi.tmun longitudinal shell compression at the base of shell, N/m (lbf/ft) 

Plasticity index. ASTM D431& 

Q Scalli1g factor fi·om the MCE to the design level spectral accelerations; equals 2/3 tor ASCE 7 

R Force reduction coefficieut for SITength level design methods 

Rwc Force reduction coefficient for the convective mode using allowable stress design methods 

Rw1 Force reduction factor for the impulsive mode using allowable stress design methods 

E-3 

So Mapped. maximum considered earthquake, 5% damped. spectral response acceleration patameter at a period of zero 
seconds (peak grmmd acceleration for a figid st111cture), %g 

S 1 Mapped. ma.ximum considered eruihquake, 5% damped, spectral response acceleration parameter at a period of one 
second, o/og 

Sa TI1e 5% dumped. design spectral response acceleration pru·ameter at any period based on mapped, probabilistic 
procedures. o/tg 

Sn * TI1e 5% dam peel design spectral response acceleration parameter at any period based on site-specific procedw·es. %g 

S(I(J ~ The 5% damped, design spectral response acceleration pru-ameter at zero period based on site-specific proce.dLu-es, %g 

Sm The design. 5% damped. spectral response acceleration parameter nt one second based on the ASCE 7 methods, 
equals Q F1• S11 %g 111 

Sos The design, 5% druupcd. specu-al n.'Sponse acceleration parameter at shot1 periods (T = 0.2 seconds) based on 
ASCE 7 methods, equals Q F0 Ss. o/og 

Sp Design level peak ground acceleration parameter tor sites not addressed by ASCE methods. (See EC Example Prob
lem 2 when using ··z-- factor from earljer editions of APJ 650 and UBC. Since 4 75 year recurrence interval is basis of 
lh.is peak grotmd acceleration. Q= 1.0 (no scaling).] 

Ss Mapped, maximum considered earthquake. 5% damped, spectral response acceleration pru·arueter at shot1 periods 
(0.2 sec), %g 

s11 Undrained shear strength_ ASTM D 2166 or ASTM D 2850 

s11 Average undraiued sheru· strengtl1 in top 30m (100ft) 

Thickness of the shell ring tUJder consideration, mm (in.) 

l1 

Thickness. ex.cludi11g C011·osion allowance, m.111 (in.) of tile bottom annulus uuder the shell required to provide the I 
resisting force for selfancborage. n 1e bottom plate for this thickness shall extend radially at least the distance, L. os 
from the inside of the shell. this tenu applies for self-anchored tanks only. 

nuckness of tank bottom less CI)JTOSiOn allowance, mm (in.) 

ls Thickness of bottom shell course less cotTosion allowance, mm (in.) 

f11 Equivalent LUJ.ifonn lhkkness oflank shell, mm (in.) 

T Natural period of vibration of the tank and contents. seconds 
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Natural period of the convective (sloshing) mode of behavior of the liquid, seconds 

Natural period of vibration for impulsive mode of behavior, seconds 

Regional-dependent transition petiod fOJ' longer pe!iod ground motion. seconds 

0.2 F,S, I FaSs 

F,S, I F.,Ss 

Total design base shear. N {lbf) 

Design base shear due to the convective component oftbe effective sloshing weight, N (Jbf) 

Average shear wave velocity at large strain levels for the soils beneath the foundation, m/s (ftls) 

Average shear \.Vave velocity in top one 30 n1 (toO ft). m/s (ftls) 

Design base shear due to impulsive component from effective weigl1t of tank and contents, N (lbf) 

Moisture content (in%), ASTM D 22 I 6 

Force resisting uplift in annular regio.u_ N/m (lbf/ft) 

Calculated design upliflload on anchol's per unit circumferential length, Nfm (lbf/fl) 

Effective convective (sloshing) p01tion of the liquid weight, N (Jbf) 

Effective weight contributiug to seismic response 

Weight of the tank bottom, N (lbf) 

Total weight of tank fow1datiou. N (lbf) 

Weight of soil directly over tank foundation footing.. N (Jbt) 

Effective impulsive pot1ion of Ute liquid weight. N (lbf) 

Calculated design uplift load due to product pressure per unit cu·ctmtfereotial length, N/m (lbf/ft) 

Total weight of the tank contents based on the design specific gravity of the product, N (lbf) 

Total weight of fixed tank roof including framing, knuckles. any pennaoent attachments and 10% of the roof design 
snow load, N (lbf) 

Roof load acting on the tank shell including 10% of the roof design snow load, N (lbf) 

Roof load acting on the shell, including 1 0% of the specified snow load N/m (.lbf/ft) 

Total weight of tank shell and appurtenances. N (lbi) 

Total weight of tank shell, roof, fi·ruuiug, knuckles, product. bottom, atiechmeuts, appwtenances, participating snow 
load, if specified. and appur1enances. N ( lbi) 

Trulk and roof weight acting at base of shell, N/ru (lbf/ft) 

Height from the bottom of the tank shell to the center of action of lateral seismic force related to the convel-iive liquid 
force for tingwall moment, m (ft) 

Height 6·om the bottom of the tank shell to Ute center of action of lateral seismic force related to the convective liquid 
force for the slab moment. m (fl) 

Height from the bottom of the tank sbell to the center of action of the lateral seismic force related to the impulsive liq
uid force for ringwall moment. n1 (It) 

Height from U1e bottom of the tank shell to the center of actiou of the lateral seismic force related lo the impulsive liq
uid force for the slab moment, m (ft) 

Height fi·om the bottom of the tank shell to the roof and roof appwtenances center of gravity. m ( ft) 
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J( Height from the bottom of the tank sheU to the shell's center of gravity, m (ft.) 

Y Distance fi·om liquid surface to analysis point, (positive down), m (ll) 

y,, Estimated uplift displacement for self-anchored tank, nun (in.) 

ere Maximum longitudinal sheU compression stress. MPa (lbf/in.2) 

Product hydrostatic hoop stress in the shell. Mpa ( lb£'in. 2) 

O"s Hoop stress in the shell dHe to impulsive sntl convective forces of the stored liquid, MPa (lbflin.l) 

err Total combined hoop stress in the shell. MPa (lbf/in.2) 

)l Fdction coefficient for tank sliding 

p Density of fluid, kg!m3 (lb!ft3) 

E.3 Performance Basis 

E.3.1 SEISMIC USE GROUP 

E-5 

• The Seismic Use G1·oup (SUO) for the tank shall be specified by the Purchaser. (fit is not specified. the SUG shall be assigned to 
be SUG I. 

E.3.1.1 Seismic Use Group Ill 

SUG Ill tanks are those providing necessary setvice to facilities that are essential (or post-earthquake recovery and essential to the 
life and health of the public; or, tanks containing substantial quantities of hazardous substances tbat do not have adequate control 
to prevent public exposure. 

E.3.1.2 Seismic Use Group II 

SUG ll tanks are those storing material that may pose a substauUal public hazard and lack secondmy controls to prevent public 
expostu·e, or those tanks providing direct service to major faci lities. 

E.3.1 .3 Seismic Use Group I 

SUG I tanks are those not assigned to SUGs ill or n. 

E.3.1.4 Multiple Use 

Tanks serving nuiltiple use facilities shall be assigned the classification of the use having the highest SUG 

E.4 Site Ground Motion 
Spectral lateral accelerations to be used for design may be based on either ''mapped" seismic parameters (zones or cont.ow·s). 
"site-specific•· procedures, or probabilistic methods as defined by the design response spectra meUlod contained in this appendix. 
A method for regions outside the USA where ASCE 7 methods for defining t11e grow1d motion may not be applicable is also 
Ulcluded. 
A methodology for defining the design spectrum is given in the following sections. 

E.4.1 MAPPED ASCE 7 METHOD 

• For sites located in the USA. or where tbe ASCE 7 method is the regulatory requirement. the ma:>..;mum considered erutbquakc 
gt·ound molion shall be defined as the motion due to an event with a 2% probability of exceedauce within a 50-year period. 'TI1e 
foUowi.ng definitions apply: 

• Ss is the mapped, maximllill considered earthqu.."'ke. 5% datnped spectral response acceleration pruamcteJ' at shod periods 
(0.2 seconds). 

• S1 is the mapped, maximum considered eatthquake, 5% dan1ped. spectral response acceleration parameter at a period of I 
second. 

08 
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• So is the mapped, maximum considered eatthquake, 5% damped, spectral response acceleration parameter al zero seconds 
(usunlly referred to as the peak ground acceleration). Unless othenvise specified or detenninect, So shall be defmed as 0.4Ss 
when using the mapped met11ods. 

E.4.2 SITE-SPECIFIC SPECTRAL RESPONSE ACCELERATIONS 

The design method for a site-specific spectral response is based on the provisions of ASCE 7. Design using site-specific ground 
motions should be considered where any of the following apply: 

• TI1e tank is located within 10 km (6 miles) of a know11 active fanlt. 

• The stntctu;-e is designed using base isolation or energy dissipation systems, which is beyond the scope of tJJ.is appendb<. 

• 1l1e performance requirements desired by the owner or regulatory body exceed the goal of this appendLx. 

Site-specific detenninalion ol'tl1e ground motion is required when tlte tank is located on Site Class Ftype soils. 

• If design for an MCE site-specific gro11nd motion is desired, or required, the site-specific study and response spectnun shall be 
provided by the Purchaser as defined this section. 

However. in no case shall the ordinates of the site-specilic MCE response spectrum defined be less than 80% of the ordinates of 
the mapped MCB response spectra dcfJ.ned in this appendix. 

E.4.2.1 Site-Specific Study 

A site-specific study shall accoLJ.nl for the regional tectonic set1ing. geology. and seismicity. Tlus includes the expected t-ecw1-ence 
rates and maxi.mwn magnit11des of eruthquakes on known faults and source zont:s, the characteristics of ground motion attenua
tion. near sow·ce effects, if any, on ground motiollll, and U1e effects of subsurface site conditions on ground motions. TI1e study 
shall incorporate CUtTen! scienti fie intetpt·etations. including uncettainties, for models and parameter ~values for seismic sources 
and grow1d motions. 
If llu:re an: knuwn a~,;tive ft~ult:; identified, the 111aJ.uuwn considered seismic spectral response acceleration at any pe1iod. S11*, 
shalJ be detennined using both probabilistic and deterministic methods. 

E.4.2.2 Probabilistic Site-Specific MCE Ground Motion 

The probabilistic site-specific MCE grotu1d motion shall be taken as that motion represented by a 5% damped acceleration 
response spectrum baviog a 2% probability of exceedance in a 50-year period. 

E.4.2.3 Deterministic Site-Specific MCE Ground Motion 

1l1e detemJi.n.istjc sitc-specilic MCE specn·al response acceleration at each period shall be taken as 150% of the largest median 
5% damped spectral response accelexation computed at that period for characteiistic earthquakes i.u<.lividURlly acting on all known 
active faults within the region. 

However. the ordinates of the detenninistic site-specific MCE grotmd utotion response spectrum shall not be taken lower than the 
us I corresponding ordinates of the response spectrwn where the value of Ss is equal to J.5F0 and the value of St is equal to 0.6F,.!T. 

• E.4.2.4 Site-Specific MCE Ground Motions 

The 5% damped site-specific MCE spectral response acceleration at any period, S0 •, shall be defined as the lesser of the probabi
listic MCE grow1d motion spectral response accelerlltions detennined in £.4.2.2 and the detenninistic MCE ground motion spec
tral response accelerations defined in E.4.2.3. 
The response spectrUlll values for 0.5% damping for llie convective behavior shall be 1.5 times the 5% spectral values unless oth· 
erwise spec.:itied by tbe Ptu·chaser. 

1l1e values for sites classified as F may not be Jess than 80% ofthe values for a Site Class E site. 

E.4.3 SITES NOT DEFINED BY ASCE 7 METHODS 

1.n regions outside the USA, where the regulatory requirements for detemrining design ground motion differ from the ASCE 7 
methods prescribed in this appendix, the following methods may be utilized: 
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l. A Jesponse spectrum complying with tbe regulatory requirements may be used providing it is based on, or adjusted to. a 
basis of 5% and 0.5% damping as required in this appendix. The values of the design spectral acceleration coefficients, A, 
and A co wl1ioh jnclude tbe effects of site amplification, impmtance factor and response modification may be detemlined 
directly. A,. shall be based on the calculated impulsive period of the tank (see E.4.5.1) using U1e 5% damped spectra, or the 
period may be asswned to be 0.2 seconds. At. sbaU be based on the calculated convective pc1iod (see E.4.5.2) using the 
0.5% spectra. 

2. If no response spectra shape is presclibed and only the peak ground acceleratiou, Sp, is detlned. then the following substitu
tions shall apply: 

Ss = 2.5 Sp (E.4.3- I ) 

S 1 = 1.25 Sp (E.4.3-2) 

E.4.4 MODIFICATIONS FOR SITE SOIL CONDITIONS 

ll1e maximum considered ea11hquake spectral response accelel-ations for peak ground acceleration. shall be modified by the 
appropriate site coefficients, F11 and F,. from Tables E-1 and E-2. 

• Where the soil properties are not known in sufficient detail to determine tbe site class. Site Class D shall be assumed unless the 
autholity having jurisdiction detemtines that Site Class E or F should apply at tl1e site. 

Table E-1-Value of Fa as a Function of Site Class 

Mapped Maximum Considered Eartbqual\e Spectral Response Accelerations at Short Pc1iods 

Site Class SsS0.25 S:v = 0.50 .s:..-=0.75 S.r= 1.0 s, <:: 1.25 

A 0.8 0.& 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

c 1.2 1.2 1.1 1.0 1.0 

D 1.6 1.4 L.2 l.l t.O 
E 1.5 1.7 1.2 0.9 0.9 

F a 3 a a a 

~Site-speci.lic geotechnical investigation and dynamic site response analysis is required. 

Table E-2-Value of Fv as a Function of Site Class 

Mapped Ma:rimum Considered Earthq uake Spe<:tral Response Accele•·ations at I Sec Periods 

Sire Class s1 =0.3 St=0.4 

A 0.8 0.8 0.8 0.8 0.8 

B 1.0 1.0 1.0 1.0 1.0 

c 1.7 1.6 1.5 L4 1.3 

D 2.4 2.0 J.S 1.6 1.5 

E 3.5 3.2 2.8 2.4 2.4 
p a a a a 3 

~Site-specific geotechnical investigation anti dynamic site response analysis is required. 
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SITE CLASS DEFINITIONS 

The Site Classes are defined as foUows: 

A Hard rock with measw-ed shear wave velocity, vs > 1500 m/s (5.000 ft/sec) 

B Rock with 760 m/s < v, ~ 1500 m/s (2.500 ft/sec < v, ~ 5,000 ft/sec) 

C Very dense soil at1d soft rock with 360 m/s < v, $ 760 m/s (.1 ,200ft/sec< v, $ 2,500 ft/sec) or witb either N> 50 or 
S,, > I 00 kPa (2.000 psf) 

D Stiff soil with 180 m/s :;;; v, ~ 360 m/s (600 ftlsec $ v, :;;; 1,200 ft/sec) or with either 15 :;;; N:;;; 50 or 50 kPa :;;; S,, s tOO kPa 
( 1 ,000 psf ~ S,, ~ 2,000 psf) 

E A soil protile with v, < 180 m/s (600ft/sec) or with either N < 15, s;, < 50 kPa (1.000 psf), or any profLle with more than 
3 m ( 10 ft) of soft clay defmed as soil with PI > 20, w ~ 40%, and S.. < 25 kPa (500 psi) 

F Soils requuing site-specific evaluations: 

1. Soils vulnerable to potential failw·e or collapse tn1der seismic loading such as liquefiable soils , quick and higWy 
sensitive clays. collapsible weakly cemented soils. However, since tanks typically have an impulsive period of 
0.5 sees or less. site-specific evaluations are not required but recommended to detennine spectral accelerations 
for liquetiable soils. The Site Class may be detenni.ned as ooted below. assuming liquefaction does not occur, 
and the corresponding values of Fa and F11 detennined from Tables .E-1 and E-2. 

2. Peats all(1/or highly organic clays (Hs > 3 m [I 0 :ft] of peat ancllor highly organic clay. where /-1 = thickness of soil). 

3. Very high plasticity oJays (1-(r; > 8 m (25ft] with PI> 75). 

4. Very thick, softlmediwu stiff clays (F-fs·> 36m P20 ft)) 

The parameters used to define the Site Class are based on the upper 30 Ill (100ft) oftbe site profile, Profiles containing distinctly 
different soil layers shall be subdjvided into those layers designated by a number that ranges fi·om 1 to n at U1e bottom where 
there are a total ofn distinct layers in the upper 30m (100ft). The symbol i then refers to any one of the layers between 1 and n. 

where 

vs1 the shear wave velocity i.n m/s (ft/sec), 

d; = the thickness of any layer (berween 0 and 30m [100ft]). 

where 

:L/ · = 30111 (100ft). 

·- ' 

v = ~(E.4.4-l) 
" d, 
~Vsi 

N1 = the Standard Penetration Resistance determined in accordance with ASTM D 1586, as directly measured in the 

field without corrections, and shall not be taken greater than 1 O() blows/ft. 
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(E.4.4-3) 

where L d, = d, . 
,., 

Use only d, and N, for cobesionless soils. 

ds = the total thickness of cohesion less soil layers in the top 30m ( I 00 ft). 

s1ti = the uudrained shear strength in kPa (psf), detennined in accordance with ASTM D 2166 or D 2850, and shall not 

be taken greater than 240 k.Pa (5.000 psf). 

where L d, = d, . 

de = U1e total thickness ( lOO- ds) of cohesive soil layers in the top 30m (100 ft), 

PI = the plasticity index, dete1mined in acc.ordance with ASTMD 4318, 

w = the moisttn·e c.outent in %, detemlined in accordauce with ASTM D 2216. 

STEPS FOR CLASSIFYING A SITE: 

(E.4.4-4) 

Step 1: Check for the fotu· categories of Site Class F requiring site-specific evaluation. If the site corTesponds to any of these 
catego1ies. classify the site as Site Class F and conduct a site-specitic evaluation. 

Step 2: Check for the existence of a total thickness of soft clay > 3m (I 0 ft) where a soft clay layer is defmed by: s11 < 25 kPa 
(500 psf) w ~ 40%. and PI> 20. If these criteria are satisfied. classify the site as Site Class E. 

Step 3: Categ01ize the site using one of the following tlu·ee methods with v~, N. and S., computed in all cases see Table E~3: 

a. v, for U1e top 30m (100ft) (v, method). 

b. N for U1c top 30 m ( I 00 ft) (N method). 

c. N for cohesion less soil layers (PI< 20) in tb.e top 30m (I 00 tl) anti avemge S,, for cohesive soil layers (PI> 20) 1n the top 
30 m ( l 00 0:) (S,, method). 

Table E-3-Site Classification 

Site Class v, Nor N,lt s, 

E 
(< 180 m/s) 

< 15 
<50 k?a 

(<600 fps) (< 1,000 psf) 

D 
lSOm/s-360 m/s 

15 ro 50 
50 k.Pa - 100 kPa 

(600 to 1,200 fps) ( l,OOOpsf- 2,000 psf) 

c 360 m/s-760 m/s 
> 50 

100 kPa 
(1,200 tps -2.500 fps) (> 2,000 pst) 

B 
760mls- 1500mls 

(2,500 fps- 5.000 f:Ps) 

A > 1500 m/s (5,000 IPs) 

Note: 9 If the s, method is used and the N,r, auds, criteria differ, select the category with the softer soils (for example, 
use Site Class E instead ofD). 

07 
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Assignment of Site Class B shall be based on the shear wave velocity for rock. f or competent rock ·with moderate fracturing and 
weathe1ing. estimation of this shear wave velocity shaiJ be pe1mitted. For more highly fractured and we3thered rock. the shear 
wave velocity shall be directly measured or the site sbaiJ be assigned to Site Class C. 
Assignment of Site Class A shall be supported by either shear wave velocity measurements on site or shear wave velocity mea
slli'Cments on profiles of the same rock type in the same fonnation with an equal or greater degree of weathering and fracturing. 
Where hard rock conditions are known to be continuous to a depth of 30 m (I 00 fi), surficial shear wave velocity measurements 
may be extrapolated to assess \i, 
Site Classes A and B shall not be used where there is more than 3m (10 fi) of soil between the rock surface and the bottom of the 
tank foundation. 

E.4.5 STRUCTURAL PERIOD OF VIBRATION 
The pseudo-dynamic modal analysis meU1od utilized in this appendix is based on the natural period of the structure and contents 
as defined in U1is section. 

E.4.5.1 Impulsive Natural Period 
The design methods in ll1is appendix are independent of impulsive period of the tnnk. However. the impulsive period of tl1e tank 
system may be estimated by Equation E.4.5. 1-1. 

In Sl units: 

I. = (-1 J[C,Hj(JPI 
J2000I E j£) 

(E.4.5J-la) 

Substituting the Sf units specified above: T, = 0.128 sec. 

In US Customary units: 

(E.4.5.1 - Ib) 

Substituting the US Customary units specified above: T; = 0.128 sec. 

9.5 
,-r- - - r- r-

9.0 

85 1 

1-1-

8.0 
r-

c. 
75 I 

I 

I 

7.0 ' 1 

1 ' 

65 I 

60 
0 0.5 

HID 
1 0 1.5 

Figure E-1-Coefficient Ct 
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E.4.5.2 Convective (Sloshing) Period 

The first mode slos11ing wave period. in seconds. slJall be calculated by Equation E.4.5.2 where Ks is the sloshing period coetn
cient defined in Equation E.4.5.2-c: 

1n Sl units: 

T, l.8K,Ji> (E.4.5.2-a) 

or, in US Customaty units: 

T, = K,JD (E.4.5.2-b) 

0.578 
K,= --;==== 

tanhe·~~ 
(E.4.5.2-c) 

E.4.6 DESIGN SPECTRAL RESPONSE ACCELERATIONS 

The design response spectn.m1 for ground suppo1ted, flat-bottom tallks is defmed by the fol lowing parameters: 

• E.4.6.1 Spectral Acceleration Coefficients 

Wben probabilistic or mapped design methods are utilized, the spectral acceleration parameters for the design response spectnun 
are given i11 Equations E.4.6.1- l UrroughE.4.6. l-5. Unless otherwise speci:fied by the Purchaser, T1.. shall betaken as the mapped 1 07 
value found in ASCE 7. For tanks falling in SUO I or SUG ll. the mapped value of TL shall be used to detem1ine convective 
forces except Utat a value of 'h equal to 4 seconds sllal l be penuitted to be used to detem1ine U1e sloshing wave height. ror tanks 
falling in SUO ill, the mapped value of h shall be used to determine both convective forces and sloshing wave height except that 
the impnttanoe factor. I, shall be set equal to 1.0 in the determination of sloshing wave beigl1t. IJ1 regions outside the USA, where 
U1e regulato1y requirements for detem1ining design grmmd motion differ trom the ASCE 7 methods presctibed in tl1is appendix. 
TL shall be taken as 4 seconds. 

For sites where only the peak ground acceleration is defined, substitute Sp for So in Equations E.4.6. 1-1 througJ1 E.4.6.2-l. 111e 1 07 
scaling factor. Q.1s defined as 2/3 for the ASCE 7 med10ds. Q may be taken equal to 1.0 unless otherwise defined in the regulatory 
requirements where ASCE 7 does not apply. Soil amplification coefficients. /<~1 and F1.; the value oftl1e imp01tance fHctor, /;and 
the ASD response modification factors. Rw; and Rwc• s11all be as defined by the local regulatory requirements. [f these values are 
not defined by the regulations. the values io this appendix shall be used. 

Impulsive spectral acceler:ltioo parrtmeter, A;: 

tE.4.6. 1-1) 

However. A;~ 0.007 (E.4.6.1-2) 

and. for seismic site Classes E and F only: 

(E.4.6.1-3) 

Convective spectral acceleration parameter, Ac: 

011 
When. I'c s T,., (E.4.6.1-4) 

When,Tc >TL (E.4.6.1-5) 



E-12 API STANDARD 650 

E.4.6.2 Site~Specific Response Spectra 

I When site-specific design methods are specified, the seismic parameters shall be defmed by Equations E.4.6.2- l through 
07 l:iA.6.2-3. 

Impulsive spectral ••ccelcratjon poramcter: 

tE.4.6.2-l) 

Altematively, A;. may be detemlioed using either (1) the impulsive petiod of the tank system, or (2) assuming the impulsive 
period= 0.2 sec: 

(E.4.6.2-2) 

wl1ere. S0 '" is the ordinate of the 5% damped, site-specific MCE re.sponse spectra at the calculated impulsive period including site 
07 1 soil effects. See £.4.5.1. 

Exception: 

• Uokss otherwise specified by the Purchaser. the value of the impulsive spectral acccleralion. S0 *, for :flat-bottom tanks witl1 
HID~ 0.8 need not exceed 150%g when the tanks are: 

• self-anchored. or 
• mechanically-anchored tanks thai are equipped with traditional anchor bolt and chairs at least 450 mm (18 in.) high and are 

not otherwise ptevented from sliding laterally at least 25 mm ( I in.). 

Convective spectral acceleration: 

A~= QK(/Js~~* <A, (E.4.6.2-3) 

where. Sa • is the ordinate of the 5% damped. slte-specificMCE response spectra at the calculated convective period including site 
111 1 soil effects (see E.4,5.2 ). 

Altemalively. the ordinate ofa sjte-speci.fic speclrum based on tbe pmcedures ofE.4.2 for 0.5% damping may be used to deter
mine the value Sa • with K sel equal to 1.0. 

E.5 Seismic Design Factors 
E.5.1 DESIGN FORCES 

TI1e equivalent lateral seismic design force shall ~determined by the geueral relationship 

F=AWe!f 

wlJere 

A lateral acceler3tion coefficient. %g., 

JJi~ff = effective weight 

E.5.1.1 Response Modification Factor 

(E.S. l-1 ) 

The response modification factor for grou11d supported, liquid storage tanks designed and detailed to these provisions shall be less 
than or equal to the values sllO\o\11 in Table E-4. 
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Table E-4-Response Modification Factors for ASD Methods 

Anchorage system R.,;, (impulsive) Rwc, (co!lvectivc) 

Self-anchored 3.5 1 

Mecbauically-ancbored 4 2 

E.5.1.2 Importance Factor 

• TI1e importance factor (1) is defined by the SUG and sbal l be specified by the Pw·chaset. See E.3 and Tablt: E-5. 

Table E-5-lmportance Factor(/) and Seismic Use Group Classification 

Seismic lise Group I 

I 1.0 

II 1.25 

111 1.5 

E.6 Design 

E.6.1 DESIGN LOADS 

Ground-suppot1ed. tlat-bottom tanks, storing liquids shall be designed to resist the seismic forces calculated by considering the 
effective mass and dynamic liquid pressures in detenuin.ing the equivalent lateral forces and lateral force distribution. This is the 
default method for U1is appendix. The equivalent lateral force base shear shall be determined as deiined in t11e following sections. 
The seismic base shear shall be defined as the square rQOt of lhe sum of the squares ( SRSS) C01llbiualion of the imptllsive and 
conveclive components LIDless the applicable regul~tions require direct sum. For the purposes of this appeudi.-..;, an alternate 
method using U1e ctirect sum of the effects in one direction combined with 40% of the effect inl11e orthogonal direction is deemed 
to be equivalent to tl1e SRSS swnmation. 

V = JVJ;+ V~ 
' < 

(£.6.1-1) 

where 

V, = A,(W,+ W, + TV1+ W,) (E.G. 1-2) 

(£.6.1-3) 

E.6.1.1 Effective Weight of Product 

The effective weights W; and We shall be dcterrnined by multiplying the total product weight. IV p- by the ratios W;IWp and W ! Tt/1• 

respectively. Equations E.6. U-1 tlu'Ougb E.6.l.1-3. 

When DIH is greater than or equal to 1.333, the effective illlpuJsiveweigl1t is defined in E.quation E.6. L 1-J: 

tanh( 0.866~) 
W, = W

11 

0.866» 
(E.6. 1.1-1) 

When DIH is less than 1.333, the effective impulsive weight is defined in Equation E.6.l.l-2: 

W -= [I 0 - 0 2 I 8~] 11' ' . . H P (£.6.1.1-2) 

I os 
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TI1e effective convective weight is defined in Equation E.6.l.1-3: 

"'' = o.ro~tanh(3 ·67H\w ,. J 1-1 \.- D - ) i' (E.6.l.l-3) 

E.G.1.2 Center of Action for Effective Lateral Forces 

111e moment am1 from the base of the tank to the center of action for the equivalent lateral forces ti'om th.e liquid is defined by 
ml Equations G.6.l.2.1-1 through E.6.1.2.2-3. 

111e center of action for the impulsive lateral fotces for U1e tank shell. 1'0of and appllltenances is asswned to act through tJ1e center 
of gravity ofthe component. 

E.6.1.2.1 Center of Action for Ringwall Overturning Moment 

·n,e ring wall moment, Mr11~ is the p011ion of the total oveJiLu·ning moment that acts ar the base of the tank shell perimeter. This 
moment is used to detennine loads on a ringwall folmdation. the tank anchorage forces. and to check the longitudjn::JI shell 
compression. 

The heights from the bottom of the tank shell to lbe center of action of the lateral seismic forces applied to W, and We, X1 and .t~. 

may be determined by multiplying H by the ratios X, IH and -~'c/H. Tespectively, obtained for the ratio DIH by using Equations 
os l E.6.1 .2. 1-1 through 8.6.1.2.2-3. 

07 

When DIH is greater than or equal to 1.3333. the height.~ is cletennined by Equation E.6.1.2.1- l ; 

x, "' 0375/1 (E.6.1.2.1-1) 

When DIH is Jess than 1.3333, the height X; is detennined by Equation E.6.1.2.1-2: 

.>;, = [o.s - 0.094~}' (E.6.1.2.1-2) 

The height Xc is determined by Equation E. 6. 1 .2.1-3: 

(E.6.1.2.1-3) 

E.6.1.2.2 Center of Action for Slab Overturning Moment 

The ·'slab'' moment . . M~., is the total overtum.ing moment acting across the entire tank base cross-section. Tllis overtum.ing 
moment is used to design slab and pile cap fOLmdations. 

When D/1-1 is greater U1an or equal to 1.333, tbe height Xis is deteJmined by Equation £.6.1 .2.2-l: 

o.866'H 

[ [ 
D ]] (E.6.1.2.2-1) 

When DIH is less than 1.333, the height X,,1 is detemli.ned by Equation E.6.1.2.2-2: 

X,s = [o.S00+0.060~]H (£.6.1,2.2-2) 
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The height, _\~s· is determined by Equation E.6.1.2.2-J: 

r 
cosh(~ - 1.937] 

x .. = t.o- J.~Hsinbe·~~ H 
(E.6.1.2.2-J) 07 

E.6.1.3 Vertical Seismic Effects 

• Wben sp~cified (see Line 8 i11 t11e Data Sheet). venical acceleration effects shall be considered as acting in botlt upward and 1 09 

dowm.vard directions and combined with lateral acceletation effects by the SRSS method unJess a direct sum ~ombinatit'Hl is 
required by the applicable regulations. Vertical accele1·ation effects for hydrodynamic hoop stresses shall be combined as sho~11 
iu E.6.1.4. Ve1tical acceleration effects need not be combined concutTeotty for determining loads. forces, and resi1.tance to over- 1 07 

tuming in t:he tank shell. 
• Tl1e maximum vertical seismic acceleration parameter shall be taken as 0.1-lSDs or greatt:r for tlle ASCE 7 method unless other

wise specified by the Plu·chaser. Altematively. the Purchaser may specify t11e ve1tical grmmd motion acceleration parameter. A,. 
The total vc1tical seismic force shall be: 

F,. = ±A ,. wcl}' ( E.6. 1.3-1) 

Vertical seismic effects shaD be considered u1 the following when specified: 
• Shell hoop tensile siTesses (see E.6. 1.4 ). 

• Shell-membrane compression (see £.6.2.2). 

• Ancbmage design (see E.62.1 ). 
• Fixed roof components tsee E. 7.5). 
• Sliding (see £.7.6). 
• Foundation design (see E.6.2.3). 

• In regions outside the USA where the 1·egulatory requirements differ from t11e methods prescribed in this appendix. tlte ve.rtical 
acceleration par<ounetcr and COil\bination with lateral effects may be applied as defined by the governing regulaloty requiJ·emeots. 

E.6.1.4 Dynamic Liquid Hoop Forces 

Dynamic hoop tensile stresses due to the seismic motion of tbe liquid shall be detelmined by the follo,ving formulas: 

Por D!H ;:. 1.333: 

1n Sl tmits: 

N, == 8.48A,GDH~-o.s(h)}anb(o.866~) (E.6.1.4- I a) 

or, in US Custamaty units: 

y (Y1, ( D~ 
N, = 4.5A,GDH~-0.5 fi) }anh 0.866Jj) (£.6.1.4-lb) 

flor DIH < 1.33 andY < 0.75D: 

Ln Sl units: 

- l[ >' ( l ' 1 ~] 
N, = ).22A,GD 0.75D - 0.5 0.75W (E.6.1.4-2a) 

OR 
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or, in US Customary wlits: 

For DIH < 1.333 and }' ~ 0. 750: 

lu SI uuits: 

or, in US Customary w1its; 

For all propottious of DIH: 

[n SJ units: 

Or, in US Customary tmits: 

API STANDARD 650 

N, = 2.6.rl ,Gd 

]&.AGD~ h[3.68([;{- 1')] 
- . ) < I cos D 

N. = - --[3-.6-&H-J -
cosh ---v 

0.98A ,.GD2 cosh [3 ·68(~->1] 
N,. = ----------

cosh[3·~HJ 

(E.6.1.4-2bJ 

(E.6.1.4-3a) 

(E.6. l.4-3b) 

(£.6.1.-Ha) 

(E.6. J.4-4b) 

07 When the Pw·chaser specifies that vettical acceleration need not be considered (i.e., A1• = 0). Ule combined hoop stress shall be 
defined by Equation .C.6. L.4-5. Tbe dynamic boop tensile su·ess shall be directly combined with the product hydi'Ostatic design 
stress in detennining the total stress. 

(E.6.1.4-5) 

o7 1 When vet1ica1 acceleration is speci tied. 

(E.6. 1.4-6) 

E.6.1.5 Overturning Moment 

• TI1e seismic ovettumiog moment at the base of the tank shell shall be the SRSS summation of the impulsive and cotwective CClm
ponents nl\lltiplied by lhe n::spective moment arms to the center of action of the forces unless othetwise specified. 

RingwaJI MomenL M,.w: 

(E.6.1.5-I ) 

Slab Moment.l>'fs: 

(8.6.1.5-2) 
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Unless a more rigorous deternili1ation is used, lbe oveti urning moment at llie bottom of each shell ring shall be defmcd by linear 
approximation using the fo llowing: 

1. lithe tm1k is equipped with a fiXed roof, the impulsive shear and overtuming moment is applied at lhe top oftbe snell. 

2. The impulsive sb~::ar and ove1tutning moment for each shell cow-se is included based on the weight and centroid of each 
Cl.)urse. 

3. TI1e overtuming moment due to the liqujd is appwximated by a linear variation that is equal to th.e 1ingwall moment, Mr11• at 1 (17 
the base of the shell to zero :rt the maximum liquid level. 

E.6.1.6 Soii-Structl.lre Interaction 

• If specified by the Purchaser. the effects of soil-stmcntre interaction on the effective d3nlping and period of vibration may be mn
sidered for tanks in accordance with ASCE 7 with the following limitations: 

• Tanks shall be equipped with a reinforced concrete ringwall mat or similar type folllldation supported on grade. Soil sU1.1c
tlil'e interaction effects for tanks supported on granuJar benn or pile type fmmdation are outside the scope of this appeodL~. 

• 1l1e lauks sbaU be mechanically an~:borecl to the foundation. 
• The value oft he base shear aud overtum.i.ng moments for the impulsive mode including the effects of soil-stn~cture interac

tion shall not be less than 80% of the values dete1111ined without consideration of soil-structtu·e interaction. 
• The effective damping factor for the stmcture-foundation system shall not exceed 20%. 

E.6.2 RESISTANCE TO DESIGN LOADS 

TI1e allowable stress design (ASD) method is uti l i~ed in this appeudix.. AJlowable stresses in shucttu-al elements applicable to nor
mal operatihg mnditions may be increased by 33% when the effects of the desigo earthquake are included unless othetwise spec
ified in tbis appendix. 

E.6.2.1 Anchorage 

Resistance to the design ove1tuming (ringwall) moment at the base of the shell may be provided by: 
• TI1e weight of the tank shell, weight of roof reaction on shell W,;s. and by the weight of a portjon of the tank conleu.ts adja· 

cent to the shell for unanchored tanks. 
• Mechanical anchorage devices. 

E.6.2.1.1 Self-Anchored 

For self-anchored ranks, a portion of the contents may be used to resist oveJ1(uuing. The anchorage provided is dependen1 on the 
assumed width of a bottom armulus uplitl.ed by the overll.U11ing moment The resisting atmulus may be a portion of the tank bot
tom or a separate butt-w-elded annular ring. The overluming resisting force of the annulus tJ1at lifts off I he foundation. shall be 
detemtined by Equation E.6.2. 1.1-J except as noted below: 

ln Sl units: 

(E.6.2.L I-la) 

or, in US CLJStommy units: 

(E.6.2.1.1-1b) 

Equation £.6.2. L 1· J for w0. applies whether or not a thickened bottom annulus is used. If "'n exceeds the limit of 20 1. J HDG1 •• 

( 1.28 HDG.,) the value ofl shall be set to 0.035D and the value ofw£1 shall be set equal to20l.l HDGe. (1.28 FIDGe). A value of 
L defined as L~ that is less thau that detenuined by the equa(ion found in £.6..2.1. 1.2-l may be used. u· a reduced value Ls is used. 
a reduced value of II' a shall be used as detem1ined below: 

In SJ w1its: 

(E.6.2.l..l-2a) 

In US Custoruary units 

11'11 = 36.5 RG.J.." (E.6.2.l.J -2b) 

08 
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The tank is self-anchoreu providing tbe follov.ring conditions are met: 

I. The resisting force is adequate for tank stability (i.e ... the anchorage ratio . .! S 1.54 ). 

2. The ll)a'l:jmum width of annulus for determining the resisting force is 3.5%ofLhe tank diameter. 

3. The shell compression satisfies E.6.2.2. 

os l 4 . rhe required rumulus plate thickness does not exceed the thickness oflhe bottom shell course. 

5. Piping nexibiliiy requirements are satisfied. 

08 

09 

08 

E.6.2.1.1.1 Anchorage Ratio, J 

M,, 
J = ---------'-----

D~fw,( 1- OAA .) + w,- 0.4w1.,J 
(E.6.2.J. 1. H ) 

whete 

w= - '+w [w J 
' nD rs 

(E.6.2.1.1.l-2) 

Table E-6-Anchorage Ratio Criteria 

Anchorage Ratio 
J Criteria 

.!50.785 
No calculated uplift under the design seismic overtum.ing mol!lent. l11e tank is self-
ru1chored. 

0.785 < JS1.54 Tank is uplifting. but tbe rank is stable for lhe design load providing the shell compres-
sion requirements aresntisfied Tank is self-anchored. 

./> 1.54 Tarik is not stable :md cannot be self-anchoi:¢d for the desigu load. MD<IJ..fy the annular 
ring if l. < 0.035D is not conttolling or ado mechanical anchora~. 

E.6.2.1.1.2 Annular Ring Requirements 

·n,e thJckness oftbe tauk bottom plate provided under the shell may be greater tbau or equal to the lhickness of the gener<JI tank 

bottom plate with the following restrictions. 

Note: Io thickening tile bottom annulus, the intent is not to force a thickening of tbe lowest shell course, thereby inducing atJ abmpt thickness 
change in the shell, bm rather to impose a limit on the bottom annulus thid:ness based oo tbe shell desiga 

1. The tltickness, t0 , corresponding wiU1 the ftnal \ Va in Equations E.6.2.l.l.l-1 and E.6.2.1.1. 1-2 shall 110t exceed t11e first 
shell course thickness, Is, less the shell con·osion allowance. 

2. Nol' shall the tltickness, In, used in Equation E.6.2.l.l.l- t and E.6.2.l.J.l-2 exceed U1e actual thickness of the plate under 
the shell less the cotrosion allov,.wce for tank bottom. 

3. When the bottom plate under the shell is thicker tbru1 tbe remainder of the tank. bottom, the minimum projection. L, of the 
supplied thicker annular ring inside the tank wall shall be tbe gre.ater of 0.45 m (J .5 tt) or as dotemlined in equation 
(E.6.2.1. 1,.2-1); however, L need not be greater tl1au 0.035 D: 

lJl sr units: 

(E.6.2. 1.1.2-la) 

or. in US Cllslomary units: 

( E.6.2.1. 1.2-1 b) 

E.6.2.1 .2 Mechanically-Anchored 

• if the tank configuration is such Lhat the self-anchored requirements cau not be met, the tank must be anchored with ruecharucal 
devices sucl1 as anchor bolts or straps. 



~LOEO TANKS FOR OIL STORAGE E-19 

When tanks are anchored, the resisting weight of the product shall not be used to reduce the calculate-d uplift load on the anchors. 
'n1e anchors shall be sized to provide for at least the following minimwn anchorage resistance: 

(
! .273M,., 1 )~ 

w .IB = D! - w,( l-0.4.u,. ') (E.6.2. 1.2-l) 

plus the uplift, in N/m (lbf/H) of shell circumference. due to design intemal-ptessure. See Appendix R for load cn.mbiuations. 
Wind loading need not be considered in combination with seismic loading. 

The anchor seismic design load. P.4B• is defmcd in Equation E.6.2. 1.2-2: 

(E.6.2. 1.2-2) 

where, nA is the mun.ber of equally-spaced anchors armmd the tank circulll.ference. PAB shaU be increased to accotmt lbr unequal 
spacing. 

When mecbrulical anchorage is required. the anchor embedment or attachment to tJ1e foundation. the anchor attacluuent assembly 
and the attachment to the shell shall be designed for P.4. The anchor att.achme11t design load. PA, shall be the lesser ofthe load 
equal to the minimum specj fied yield strength multiplied by the nominal root area ofthe nnc.hor or three times P.4B· 1 11 
The maxim urn allowable stress for lhe anchorage parts shall not exceed the following values for anchors d~signed for the seismic 
loading alone orin combination witi1 other load cases; 

• An allowable tensile stress for anchor bolts and straps equal to 80% of the published minimum yield stress. 

• For other parts. 133% of the allowable stress ln accordance with 5.12.8. 

• The m~"XinHuu allowable desig,n stress i.n the shell at the anchor attachment shall be limited to 170 MPa (25,000 lbf/in.2) 
with no increase for seismic loading. These stresses can be used in oonjuuctiou with other loads tor sei~1nic loading when 
tile combine<l loading govems. 

E.6.2.2 Maximum Longitudinal Shell-Membrane Compression Stress 

E.6.2.2.1 Shell Compression in Self-Anchored Tanks 

The maximum longjtudinal shell comr>ression stress at 1he bot10m of the shell when tbere is no calculated uplift. J < 0.785. shall 
be detennined by the fonnula 

In Sl unitS: 

( 0 
1.273M,,.) 1 cr, = w,( I + .4A,.) + , -

1
--o· OOOt, 

(E.6.2.2.1-la) 

or, in US Customary tmils: 

( t 
1.2 73 .M,,,) l 

cr, = w,l + 0.4A,.) + 
2 

T 
D 1 t, 

(E.6.2.2. l-lb) 

The maximum longitudinal sl1ell compression stress at the bottom of the shell when there is calculated uplift . ./ > 0.785, shall be 
detcn11ined by the formula: 

In Sl units: 

( 
111,(1 + 0.4A,) + Wa ~ I 

0
' = o.6o7-o.ts667[.J]u- w"hooot, 

(E.6.2.2.1-'2a) 

or. in US Customa1y units: 

( 
wtf I + 0.4A. ) + w, ) 1 

cr~ = 0.607 - 0. l 8667[.J]l.J- WaJ12c, 
(E.6.2.2. 1-2b) 

Ill 

(18 
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E.6.2.2.2 Shell Compression in Mechanically-Anchored Tanks 

The maximum longit-udinal shell compression stress at the bottom of the shell for mechanicatly-auchored tanks shall be deter
mined by the formula 

Tn Sl units: 

(c.6.2.22-la) 

or1 in US Customaty units: 

( 
l.273M,,) I 

CY, = 1111( I + 0.4A,.) + , -
2 0 - 1 t, 

(£.6.2.2.2-l b) 

E.6.2.2.3 Allowable longitudinal Shell-Membrane Compression Stress in Tank Shell 

The 1mtximtu11 longitudinal shell compression stress sc must be less than the seismic allowable sh·ess Fe. which is determined by 
the followi.I.Jg fom1ulas and includes the 33% increase tor ASD. Tbese fmmulas for F' r. consider the effect of intemal pressure 
due to the liquid contents. 

osl When GHD2f c2 is ~44 (Sltmits) ( 106 US Customary units), 

~I 

ln Sl units: 

Fe= 83 r,/D lE.6.2.2.3-I a) 

or. in US Customary units: 

Fe = 10~ t/ D (£.6.2.2.3-1 b) 

ln Sl units: 

\Vhen GI-JD21 (l i~~-4: 

Fr = 83 1./(1.50) + 7.5./tGH) < 0.5F1) (E.6.2.2.3-2a) 

or. i11 US Customruy units: 

When GlilJ2f t1 is less thrm I x t06: 

Fr = l06 
t./(2.5D)+600./(GH)<0.5F,. (13.6.2.2.3-2b) 

If the thickness of the bottom shell course calculated to resist the seismi.c overtuming moment is greater than the thickness 
reqltired for bydrostatk pressure. both excluding any corrosion allowance. then the calculated thickness of each upper shell 
course for hydrostatic pressure shall be increased i.I.J the same propottion. wl.!ess a special ru1alysis is made to determine tne seis
mic ovcttumi.ng moment and COtTesponding stresses at the bottom of each upper shell course (see E.6. I .5 ). 

E.6.2.3 Foundation 

Fmmdations and footfngs for mechanica1ly-ancJ10red ilat-borlomtanks shall be proportioned to resist peak anchor uplift and over
twning bearing pressure. Product and soil load directly over tbe ringwaU and tooting may be used to resist the maximum anchor 
l1plifl on the foundation, provided the l'ingwall and footing are designed to can-y this ecceni.Jic loading. 
Product load sbaU oot be used to reduce the anchor load. 
W11en vertical seismic accelerations are applicable; the product load di.red ly ovet' the ringwall and footing: 



WELDED TANKS FOR OIL STORAGE E-21 

l. When used to resist the rna\:imum anchor unlift on t11e foundation. the product presSlll-e shall be multiplied by a factor of 
(J - 0.4A") and the formdation ringwall and footing shall be designed to resist the eccentric loads w ith or without the vettical 
seisulic accelerations. 

2. When used to evaluate lhe bearing (downward) load, ll1e product prcsslll·e over tl1e ring-..vall sh31l be multiplied by a factor 
of ( I + 0.4A") and the [o\Jildation ri:ngwall and footing shall be designed to resist the eccentric loads witb or without the vet1i
cal seismic accelerations. 

TI1e ovemu11ing stability ratio for mechanically-anchored tank system excluding vertical seismic effects shaU be 2.0 or greater as 
defined in Equation E.6.2.3-L 

0.501 Wu+ Wj+ Wr+ W1r~+ W~] >., 
0 /vi, - -· (E.6.:!.J-1) 

Ringwalls for self-anchored flat-bottom tanks shall be p1-oport ioued to resist overturn ing bearing presslu·e based on the maximum 
ltmgitudinaJ shell compression force ~~the base of the sheU in Equation E.6.2.3-2. Slabs and pile caps for self-anchored tru1ks 
shaU be designed for the peak loads dete1111ined in E.6.2.2.l. 

( 
1.27JM,") P1 = w,( J + 0.4....} ,,) + 

1 D 
(E.6..2.J·2) 

E.6.2.4 Hoop Stresses 

The maxillllll11 allowable hoop tension membrane stress for the combination ofhydrostatic product and dynamic membrane hoop 
eJiects shaU be tile lesser of: 

• 111e basic allowable membrane io this Standatd for the shell plate material increased by 33%; OJ'. 

• 0.9F_1 times the joint efficiency whe1-e FF is tile Lesser of the publ.isbed minimwn yield strength of the sh.eiJ material or weld 
material. 

E. 7 Detailing Requirements 

E.7.1 ANCHORAGE 

Tanks at gi·ade are p~n:uilted to be designed without anchorage when lhey meet the requirements for self~ancbored tanks in tius 
appendix. 

The follo\o\'ing special detailing requirements shall apply to steel tank mechaJljcal anchors in seismic regions whete Sos > 0.05g. 

E.7.1.1 Self·Anchored 

For tanks in SUG ill and located where Sos= O.Sg or greater. burt-welded annular plates shall be J'equired. Annular plates exceed
ing tO mm (lis in.) tbicknes$ shall be butt-welded. TI1e weld of the sheU to the bottom annular plate sbaJI be checked for tl1e 
design uplift load. 

E.7.1 .2 Mechanically-Anchored 

WlJen mecll3hical-anclmrage is required. at least six anchot'S shall be provided. The spacing between anchors shall not exceed 3 n1 
(lOA:). 

W11en anchor bolts are used. they shall ]Jave a coJToded shank diameter of no less th.an 25 mm ( l in.). Carbon steel ~mchor su·aps I 
11 shall have a nominal thickness of not less than 6 nun ( 1/4 in.) and shall have a minimum con'Osion allowance of 1.5 mm (l/16 in.) 

on each surface for a distance at least 75mm (3 in.) but not more than 300 mm ( 12 in.) above the sm·face of the concrete. 

Hooked ~mchor bolts (L-or J-sbaped embedded bolts) or other anchorage systems based solely on bond or mechanical fdction shall 
not be used when seismic design is required by this appendix. Post-installed anchors may be used provided that testing validates lbeir 
ability to develop yield load in the anchor tmder cydic loads in cracked concrete and meet the requirements of ACI 355. 
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E.7.2 FREEBOARD 

• Sloshing of the Liqttid within the tank or vessel shall be considered in detennining the freeboard requit'ed above the top capacity 
liquid level. A minimum freeboard shall be provided per Table E-7. See E.4.6. J. Purchaser shall specify whether fi·eeboard is 
desired !or SUG I tanks. Freeboru·d is required for SUG 11 ru1d SUG JJJ tanks. The height of the sloshing wave above the product 
design height can be estimated by: 

071 8, = 0.5 DA 1 (see Note c in Table E-7) (E.7.b I) 

08 

OS 

OS I 

08 1 

For SUG I and Ir, 

Wben. Tcs -1- (E.7.2-2) 

Whdn, Tr> 4 (E.7.2-3) 

For SUGill. 

Wheu. Tc s: TL (E. 7.2-4) 

When. Tc> T1 - "' (TL) - 2 5KO '" S' (TsTL) A.r- ""~DI T~ - . "'r" 0 r~ (E.7.2-5) 

Table E-7-Minimutn Required Freeboard 

Value of Sos SlJG T SUG U SliC m 

Sm< 0.33g (a) (a) 0~ (c) 

SDs2:0.33g (a) o.iosfbJ 6,(£:) 

il· A freeboard ofO. 7o" is recommended for economic considerations but not tequired. 
b. A fieeboard equal to 0. 705 is required unless one o( the following alternatives are provided: 

I. Secondary co.utainmeot is provided to colltrol fhe product spill. 
2. The roof and tank shell are designed ro contain the sloshing liquid 

c. Freeboard cqnal 1o the calculated wave height. o,, is required tmless one of tbe following allernutives are provided: 
I. Secondary colll'ainmcot is provided io coutroJ !be product spill. 
2 . 'fl1e mof and tank shell are designed to contain the sloshing liquid 

E.7.3 PIPING FLEXIBILITY 

Piping systems connected to tanks shall consider the potential movement of the connection points during earthquakes ru1d provide 
sufficient flexibility to avoid' ••elease of the woduct by failtu·e of the piping system. The piping system and suppotis shall be 
designed so as to not impart sigrrificant mechanical loading on the attachment to the tank sheU. Local loads at piping connections 
shall be considered in the design of the tank sbell. Mechanical devices which add :OexibiliLy such o:ts bellows, expansion joints. and 
other fle.'tible apparatus may be used when they are designed for seismic loads and displacements. 

Unless otherwise calculated. piping systems shall provide for the minimum displacements in 1bhlc E-8 a1 working stress levels 
(vvith the 33% increase for seismic loads) in the piping. supports and tank connection. The piping system and trulk connection 

(171 shall also be designed to tolerate 1 .4C1,times the worlcing stress displacements given in Table E-8 without rupture, although per
mru1ent defonuations and inelastic behavior in the piping supp01ts and tank shell is pemlitted. for attachment points located above 
tbe support or foundation elevation, the displacements in TableE-8 shall be increased to account for d1ift of the tank or vessel. 
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Table E-8-Design Displacements for Piping Attachments 

ASD Oesigll 
Displnccweot 

Condition mru (in.) 

MccbaniCJJUy-nnchorcd tnnks 
Upward vertical displacement relative to support or foundation; 25 (1) 
Oownward vertical displacement relative to support or foundation: 13 (0.5) 
Range of horizontal displacement (radial and tangential) relcrtive to support or fotu1dalion· 13 (0.5) 

Sclf-nncbored tnn.ks 
Upward vertical dj~-placcmcntrelative to suppo11 or foundation: 

Anchorage rallO less !han or eqnal to 0. 785: 25 (I 1 
Al1chorage ratio greater than 0. 785: 100 (4) 

Downward vemcal displacement relative to support or foun$tion: 
For tanks with a nngw·all/mat fowldntion: 
For tanks v.~th a l)eml fotmdation; 

13 (0.5) 
25 (1) 

Range of honzontsl displacemeni (radial and tangential) rclanvc to sllpport or foWJdatlon 50t2) 

·n,e values givetl ill Table E-8 do not include the influence of relative movements of the foundation and. piping anchorage points 
due lo fotmdation movements (such as settlement or seismic displacements). The effects of folmdation movements shatl be 
included in the design of the piping system design. including the determination of tbe mechanical loading on the tank or vessel 
consideration of the total displacement capacity ofthe mechanical devices intended to add Oe.xibility. 
\.Vhcu Sns < 0.1. the values in Table E-7 may be reduced to 70% of the values shown. 

E.7.3.1 Method for Estimating Tank Uplift 

TI1e maxirmun uplift at Ute base of the tank sbeU for a self-anchored tan.k consttuc!ed to tlte criteria for annular plates (see E.6.2. 1) 
ntay be approximated by Equation E.7.3.l-l: 

[n SI units: 

(E. 7.3.1-la) 

Or. in US Customary units: 

(E.7.3.1-lb) I 07 

where 

tb = calculated annular ring t hoi down. 

E.7A CONNECTIONS 

Connections and attachments for anchorage and other lateral force resisting components shall be designed to develop Llle strength 
oflhe anchor (e.g., minimum published yield strength. F,. in direct tension, plastic bending moment), or 4 times the calculated ele
ment design load. 
Penetrations. manholes. and l)penings in shell components shall be designed to maintain the strength and stabilily of Ute shell to 
carry tetwile and compressive membrane shell forces. 
The bottom C{}IJnection on an unanchored flat-bottom rank shall be located .inside the shell a sufficient distance to mi.u.im.ize dam
age by ltpli£1. As a minimwn, the distance measw-ed to the edge of the connection reinforcement sbaU be the width of U1e calcu
lated tUlanchored bottom hold-down plus 300 mm (12 in.) 

E.7.5 INTERNAL COMPONENTS 

The attachments of intemal equipment and accessories which are attached to the primaty liquid- or pressw·e-retai.ning shell or bot
tom. or provide structural support for major components shall be designed for the lateral loads due to the sloshing liquid in addi
tion lo the inertial forces. 

• Seismic design of roof framing and columns sbaU be made if specified by d1e Purchaser. l11e Pltrchaser shall specify live loads 
and amount of veJtical acceleration to be used in seismic design of the roof members. Columns shall be des)gned for lateral liquid 
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ine1iia loads and acceleratiorr <~s specified by the Purchaser. Se.ismic beam-colurnn design shall be based upon tl1e primary mem,
ber allowable stresses set fotth in AlSC (ASD), increased by one-third for seismic loading. 
Intemal columns shall be gujded or supported to resist lateral loads (remain stable) even if the roof components are not specified to be 
designed for the seismic loads, including tanks tbat need not be designed for seismic ground motion in Ibis appendix (see E. I). 

E.7.6 SLIDING RESISTANCE 

The transfer of the total l3teral shear force between l.he tank and the subgrade shaU be considered. 
For self-anchored tlat-bottom steel tanks. tl1e overall horizon tat seismic shear force shall be resisted by fiictjon between the tank 
botlom and the foUtidation or subgrade. Self-anchored storage tanks shall be propo1iioned such that the culculated seismic base 
shear, I~ does not exceed P:~: 

os l The Jiiction coefficient.~'· shall not exceed 0.4. Lower values of the friction coefficient sl1oltld be used ifthe interface of the bot
tom to supporting foundarion does not justify the fi·iction value above (e.g .. leak detection membrane beneath the bottom with a 
lower friction factor. smooth bot1o.ms. etc.). 

(E.7.6-1) 

No additional lateral anchorage is required for mechanicaiJy-ancbored steel tanks designed in accordance with this appendi.x even 
tbough small movements of approxim3tely 25 mm (I in.) nre possible. 
The Jaternl shear transfer behavior for Special tank configurations (e.g-, shovel bottoms. highly crowned tank bottoms. tanks on 
grillage) can be unique and are beyond the scope of this appendix. 

E.7.7 LOCAL SHEAR TRANSFER 

Local transfer of U1e sbear from tbe roof to tbe shell and the shell of the tank imo lbe base shall be considered. For cylindrical 
tanks, the peak local tangential shear per unit length shall be calculated by: 

v. = 2V 
""' nD 

(E.7.7-l) 

Tangential sh.ear in Oat-bottom steel tanks shall be transferred through tl1e welded connection to U1e steel bottom. The shear stress 
in 1he weld shall not exceed 80% of the weld or base metal yield stress. This transfer mechanism is deemed acceptable for steel 
tanks designed in Mcordance wiU1 the provisions and So.'i < 1.0g. 

E.7.8 CONNECTIONS WITH ADJACENT STRUCTURES 

Equipment. piping. and walkways or olher appwtenances attached to the tank or adjacent structures shall be designed to accom
modate the elastic displacements of the tank imposed by desi~ seismic forces amplified by n factor of 3.0 plus U1e amplified dis
placement of the other structure. 

E.7.9 SHELL SUPPORT 

Self-:mchored tanks resting on concrete ringwalls or slabs shall have a uuifonnJy supported annulus under the shell. The founda
tion must be supplied to the tolerances required in 7.5.5 in to provide the required uniform support for items b. c, and d below. 
UniJbtm support shall be provided by one of the following methods: 

a. Shimming. and grouting the mmulus, 

b. Using fiberboard or other suitable padding 

c. Using double butt-welded bottom or annuifU' plates resting directly on the fow1dation, Annular plntes or bottom plates w1der 
the shell may utilize back-up bars welds if U1e fow1dation is notched to prevent the back-up bar from bearing on the fOtUldation. 

07 1 d. Using closely spaced sl1ims (without stmctural grout) provided that the localized beruing loads are considered in the tank wall 
ru1d f01mdatiou to prevenlJocal crippling and spalling. 

MecbanicaJiy-anchored tanks sbaU be shimmed and grouted. 
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EC.1 Scope 
AP l 650, Appendix E has been revised in '1t ·s entirety to accomplish rhe following: 

• incorporate the newer definitions of ground motion used in the US modeJ building codes and ASCE 7. 
• add a procedure to address regions outside d1e US where ground motions may be defined differently by JocaJ regulations, 
• expand and generalize lhe equations to improve programming applications and reduce l'eliaoce on plots and equation~ 

where terms were combined and lacked the clarity needed to adapt to changing requirements. 
• include addiUonal requiremenls for hydrodynamic hoop stresses and vertical earthquake, 
• include. for the convenience of the usel's. information and equations previously found in outside reference materials. 
• revise the combination of impulsive and cotwE!ctive forces to use the SRSS method instead of direct sum method. 
• introduce the concepl of an "anchorage ratio" for clarlry. 
• add a foundation stability ratio requirement. 
• permit the use of soil structure interaction for mechankally·anchored tanks. 
• add detailing requirements for fTeeboard. pipe flexjbility. and other compone111s . 
• and. improve maintainability. 

EC.2 Definitions and Notations 

For additional defini tions and background infomJation, the user is referred to the following documents; 

I. National Earthquake Hazard Reduction Program Provisions and Commentary. FEMA Publications 302. 303, 368 and 369, 

2. ASCE 7. MiJJ!mum Design Loads for Buildings and Other St.ruciures, American Society of Civil Engineers. 

3. lntemarional Building Code, 2000 and 2003. 

EC.3 Performance Basis 

EC.3.1 SEISMIC USE GROUP 

Tanks art> classified in the appropriate Seismic Use Group based on the funclion and hazard to the public. Tank owner/operators 
may elect to specify a higher SUG as part of their risk management approach for a tank or faciJHy. Specifying a higher SUG 
increases the fmportance Factor. I. used to defme the design acceleration parameters and indirectly inlluences the perfom1ance 
level expected of lhe tank. Seleclloll of the appropriate SUG is by r.he owner or specifying engineer who is famWar with the risk 
managen1ent goals, the surrounding environment. the SpiiJ prevention, control and countermeasures plans and other factors. 

SUG J is the default classification. 

EC.3.1.1 Seismic Use Group Ill 

Tanks assigned the SUG [J] designation are those whose function are deemed essential (i.e .. critical) in nature for public S<lfety, or 
those tanks tJ1at store materials lhat may pose a very serious risk to the public if released and lack secondary control or protection. For 
example. tanks serving these types ofappl ic:d tions may be assigned SUG TIT unless an alternative or redundant source is available: 

1. fire, rescue. and police stations; 

2. hospif.als and emergency treatmenl faciUties; 

3. power generating stations or other ulililies required as emergency backup facUlties for SeismJc lJse Group ill facilities; 

4. designated ess£>nUal communication centers: 
EC-1 
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5. structures containing sufficient quantities of toxic or explosive substances deemed to be hazardous to the public but lack 
secondary safeguards to prevent widespread public exposure: 

G. water production. disoibution. or treanm>ni facilities required to mainrain warer pressure for fire suppression within the 
municipal or public domain (not industrial). 

It is unlikrly that petroleum storage tanks in tenninals, pipeline storage facilities and other industrial sHes would he classified as 
sue Irl unless lhere are extenualing circumstances. 

EC.3.1.2 Seismic Use Group II 

Tanks assigned the SUG U designarjon are those that should continue 1-o function. after a seismic event, for public welfare. or 
those lanks that store materials that may pose a moderare risk to the public if released and lack secondary containment or oU1er 
protection. For example. tanks serving the following types of applications may be assigned SUG II unless an alternative or redun
dant source is available: 

J. power generating stations and other public utility facilities not included in Seismic Use Group 1U and required for contin
ued operation; 

2. water and wastewater treatn1ent facilities required for primary treatment and disinfection for potable water. 

EC.3.1.3 Seismic Use Group I 

sue [is !he most commou classification. For example. tanks serving !he following types of applkations may be assjgned SUG I 
unless an aJtema1Jve or redundant source is available: 

08 L. storage tanks in a terminal or industrial area isolaled from public access that has secondary spill prevention and conu·ol: 

2. sto{age tanks without secondary spill prevention and control systems that are sufficiently removed from areas of public 
access such !hat the hazard is minimal. 

EC.4 Site Ground Motion 

The definition of the considered ground motion at the site is the first step in defini1ig acceleration parameters and loads. The phi
losophy for definJng d1e considered ground motion in 1he US began changing about 1997. This new approach, which began with 
the evolution of the 1997 UBC and advanced through the efforts of the National Earthquake Hazard Reduction Progranl, was the 
basic resource for the new model building codes. Subsequent to the lntemational Building Cod~ 2000. ASCE 7 C~dopted rhe meth
ods and is presently 01e basis for Ute US model building codes. 

However. regulations govemlng seismic design for tank sites outside the US may not follow this ASCE 7 approach. 111erefore. 
this revision was written to be adaptable to tlJese regulal:ions. Consequently. there is no longer a definilion of the "minimum" 
design ground t'nOtion based on US standards thar applies 10 aU sites regardless of the local regulations. 

Historically. this appendL'< (and the US standards) was based on ground motion associated wHh an event having a l 0% probability 
of exceedance in 50 years. This is an event !hal has a recurrence interval of 475 years. In seismically active areas where eart11-
quakes are more frequent. such as fhe west r.oast of the US. rhis was a reasonable approach. fn regions where earthquakes are less 
frequent, engineers and seismologists concluded that the hazard was undP.r-predicted by the 475 year evenl. Thus, t"he maximum 
considered ground motion definition was revised loa 2% probability of exceedance in 50 years. or a recurrence inlrrval of about 
2500 ye<us, The economic consequences of designing to l'his more severe ground motion was impractical so a scaling factor was 
introduced based on over-strength inherently present in structures buHI lo today's standaJds. See the NEHRP Provisions for a 
more extensive discussion of this raliona le, 

Tht• API Seismic Task Group considered setting the 4 75 year event as the "minimum" for application of this standard. Given the 
variaUons worldwide in defining the ground motion, it was decided that the local regu lation should ser the requirements. How
ever, the owner/specifying engineer for lhe tank should carefully consider the risk in selectirtg the appropriate design moUon in 
areas outside the US. The APl Seismic Task Group suggests that the 475 year event be the minjmum basis for defining the site 
ground molion for tanks. 
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EC.4.1 MAPPED ASCE 7 METHODS 

The ASCE 7 maximum considered earthquake response spectrum is shown in Figure EC-1 and also illustrates the notations used 
in developing the response spectrum for the maximum considered ground motion. 
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Figure EC-1-Maximum Earthquake Response Spectrum 
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Figure EC-2-Earthquake Response Spectrum Notation 
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EC.4.2 SITE-SPECIFIC SPECTRAL RESPONSE ACCELERATIONS 

1n most situations. a site-speci fie: response spectrum approach is not required. In the rare cases that a site-specific approach is nec
essary. Lhe ASCE 7 approach was adopted into the appendix. To utilize this procedure. bolh a probabilistic and det·erministic 
response spectrum is developed. The site specific value is then the lesser of the two values. 
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EC.4.2.1 Site-Specific Study 

<none> 

EC.4.2.2 Probabilistic Site-Specific MCE Ground Motion 

<none> 

EC.4.2.3 Deterministic Site-Specific MCE Ground Motion 

ln addition to lhe value determined for the charactelistic earthquake acting on the known active faults, the detem1inistic values 
also have a lower bound limit as shown in Figure EC-4. 

08 EC.4.2.4 Site-Specific MCE Ground Motions 

Figure EC-5 illustrates conceptually how these requirements might relate to define t.he site specific response spectn.un, 

EC.4.3 SITES NOT DEFINED BY ASCE 7 METHODS 

The methods and equations in this appendix are best Ulustrated by a response spectrum curve. When the only definition of ground 
motion is the peak ground acceleration. the shape of the response spectrum is approximated to determine the spectral accelera
tions parameters. Consequently. the API Seismic Task Group recommended the relati.onship of 51 and Sp defined in Equation 
(E.4.3-2) as an approximation based on typical response spectrum curves encountered in design. 

(E.4.3-2) 

Alternatively, if Lhe applicable regulations have a means of detem1ining the spectral response at Lhe appropri.ate periods and 
damping values, those values (i.e .. response spectrum) can be used. assuming that· U1e other requirements of the appendix are met. 
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Period, T (sec) 

Figure EC-4-Deterministic Lower Limit on MCE Response Spectrum 
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Figure EC-5-Relationship of Probabilistic and Deterministic Response Spectra 

EC.4.4 MODIFICATIONS FOR SITE SOIL CONDITIONS 

EC-5 

The ground motiOns must be amplified when the founding soils are not rock. In previous editions of the appendix, these adjust
ments only applied to the constant velocity and acceleration portions of the response. Since the mid-1990s, there have been dual 

It 

site factors as found in ASCE 7 to define lhe influence of the soil on the shape and values of the ground moiion..<>. The appendix os 
utilizes this ASCE 7 approach. 

Outside the US. local regulations may have altemale methods of defining the influence of the soil. Such allemate methods may be 
used: however. if no site amplifications are defined in the local regulations, then the ASCE 7 method of addressing site amplifica
tion is required. 
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EC.4.5 STRUCTURAL PERIOD OF VIBRATION 

EC.4.5.1 Impulsive Natural Period 

To use the mrthods in this appendix. the impulsive seismic accPieration parameter is independent of tank system period unless a 
site-specific analysis or soil slructure interaction evaluation is performed. The impulsive period of the tank is nearly always Jess 
than r:(\ plaring it on the plateau of the response spectra. Thus. the jmpulsive acceleralion parameter is based directly on SDS. For 
special circumstances. a simplified procedure was included in the appe11dix to delcnHinc the impulsive period which was taken 
frow Lhe following rrference: 

"Simplified Procedure for Seismic Analysis of Liquid-Storage Tanks," Malhotra. P: Wenk. T: and Wieland. M. Structural Engj
neering international. March 2000. 

EC.4.5.2 Convective (Sloshing} Period 

For convenience. 1he graphicaJ procedure for ctetetmining the sloshing period. t; .. is included here. See Equation (£.4 .5.2-b) and 
Figure EC-5. 

(£.4-5.2-b) 

where 

D = nominal tank diameler in rt. 

K:. = factor obtained from FigUJe EC-6 for Lhe rario DIH 

Sloshmg f-actor, A, 

I I 
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11 Figure EC-6-Sioshing Factor. K9 
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EC.4.6 DESIGN SPECTRAL RESPONSE ACCELERATIONS 

EC.4.6.1 Spectral Acceleration Coefficients 

The acceleration parameters equations are based on the response spectrum pictured in Figure EC-7. 

A M Q" umn 1101 included ill Lhe ASC£ 7 is jmroduced in this appendix .• o· is thf' scaling factor from the MCE, which is equal to 
Zf'J for the ASCE 7 method. When using a recurrence interval of other than 2500 years. or another 1 egulatory basis. • CT should be 
set to 1hc appropriate value; for tnost cases this is 1.0. For example. in a 1egion outside the US using the 475 year event. Q = 1.0. 

For sile-specinc anaJysls. the impulsive spectraJ acceleration is limited to l.Sg n1is is based on practical experience and observa
tions of tank behavior. When tanks are lower proftle. i.e .. HID< 0.8 and are <.>ither self- anchored or have long anchor boll projec
tions, the tanks can slide at the high impulsive accelerations. Ths sliding effectively Umits the amoum of force transferred jnto the 
tartk. This limitation shoulu not apply lf the tank is prevented from sliding. 
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Period. T 

Figure EC-7-Design Response Spectra for Ground-Supported Liquid Storage Tanks 

EC.5 Seismic Design Factors 

EC.5.1 DESIGN FORCES 

EC.5.1.1 Response Modification Factor 

EC-7 

This appendix differentiates the response moclification factors for impulsive and convective forces. The force reduction factor 
mimics the nonlinear response of the tru1k. TherE' are three components to the force reductiou factor R: (1) ductility Rp. ~2) damp
ing Rp. and (3) over-SIJeogth Rn 

R = R~xRpxR0 (EC.S. l.l- 1) 

The ductili ty redur.tion is to account for the force reduction associated wiU1 a more flexible response. The damping reduction is lo 
account for the fo rce reductlon associated with increased system damping. The over-strengU1 reduction is to account for the fact 
that the actual strength Is higher than the c~lculated strength. 

The convective response is generally so fl exible (peliod between 2 and 10 seconds) that any increased flexibility due to no•1-lin
earity has negligible influence on the period and damping of the convective response. It is. therefore, not j ustified to apply 1h~:> 
ductility and damping reductions to the convective response-however. !he over-strength reduction can still be applied. ln rhe 
absence of raw data, NEHRP Technical Subcommittee l3-Non-building Slructures proposed a reduction in Rw for the convec
tive forces. After additional discussion in U1e ASCE Seismic Task Group. R= 1.5 (or Rwcofapproximately 2.0) was accepted. 

EC.S.1.2 Importance Factor 

<none> 

EC.6 Design 

EC.6.1 DESIGN LOADS 

HistoricaUy. steel tank standards in tbe US have used the direct sum of !.he impulsive and convective forces. Other standards do 
not. For example, the SRSS method of combining the jmpulsive and convective components is used the New Zealand Standard 
NZS 3106. Here is what C2,2,9.4 (Commentary) of that standard says: 

''The periods of the inertia (ed. note: impulsive) and convective responses are generall_y widel_y separated. tlle impulsive peliod being 
much shorrer than the conver:Uve period. IM1en responses aro widel_y separated. near-simultaneous occunence of peak values could 
occw: However. the convective response takes much longer to buJJd up tlJanlhe impulsive response. consequent6tthe impulsive com
ponent is likely to be subsiding by the time the convective component reaches iL'i peak. It is lhus recommended !hat the combined 
impulsive and convective responses be Ia ken as the square root of lhe sum of lhe squares of the separate componems." 

08 
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A numerical study was undertaken by the NEHRP Technical Subcommittee 13- Non-buHding Slructures to investigate the rela
tive accuracy of "direct sum'' and SRSS methods for combining the impulsive arld convective responses. In this study: (1) the 
impulsive period was varied between 0.05 seconds and 1 second, (2) the convective period was varied between 1 second and 20 
seconds; (3} the impulsive and convective masses were assumed equal, and (4) eight different ground motions from Northridge 
and Landers earthquake data were used. 

While. the SHSS modal combination rule does not provide the worst possible loading, it does provide U1e most likely loading. It 
has been shown that this rule is suitable for combining the impulsive and convective (sloshing) responses in tanks. 

furthermore. it should be remembered U1at different portions of a site response spectrum are not controlled by the same seismic 
event Whereas, the sl1ort-period spectral valuE>.s, which detennine the impulsive response. are controlled by the closer earthquakes. 
Lhe long-peiiod spectral values, which determine the convective response, are controlled by distam. larger eanhquakes. Therefore, 
there is al ready some conservatism inherent in assuming that the lmpulsive and convective responses will occw· simultaneously. 

EC.6.1.1 Effective Weight of Product 

For convenience, the relationships defined in the appendix equations are graphically illustrated in Figure EC-8. 
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Figure EC-8--Effective Weight of Liquid Ratio 

EC.6.1.2 Center of Action for Effective Forces 

7 8 

For convenience, the relationships defined in the appendix equations are graphically illustrated in Figure EC-9. 
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11 Figure EC-9-Center of Action of Effective Forces 

EC.6.1.3 Vertical Seismic Effects 

<none> 
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EC.6.1.4 Dynamic Liquid Hoop Forces 

CaJcuJations of hydrodynamic hoop forces were not included Jn preVious erlilions of the appendix since it was no1 usually a gov
erning condit ion f(Jr the typicaJ petroleum storage tank. However, wHh larger diameter tanks, products with higher• specific grav
ity, and vertical seismic effects, this additional check for hoop stresses was deemed to be necessary. 

EC.6.1.5 Overturning Moment 

<none> 

EC.6.1.6 Soil-Structure Interaction 

See the NEHRP Provisions. Chapter 5 for additional information. This is applicable 10 mechanicaUy anchored tanks in this appen
dix. The complexity and state of technology for soil structure interaction evaluations of uplifting tanks and tanks willt benn foun
dations was considered as beyond the scope of this appendix. 

EC.G.Z RESISTANCE TO DESIGN LOADS 

EC.6.2.1 Anchorage 

Anchorage for overtuming loads may be accomplished by the inherent tank tonfigwation and product weight (self-anchored) or 
b.Y adding mechanical devices (mechanically-anchored) such as anchor bolls or straps. J fa [(Ink satisfies the requjrements for self 
anchorage. it shou ld not be anchored. 

The metbocts and load combinations used to design rank anchorage have proven 10 be satisfactory. Alternative methods for pre
dicting annular plate behavior and anchor bolt loads have been proposed by various researchers, The API Seismic task Croup 
believes that whi lc some of these med1ods may more a<X:urately de1>ict the actual behavior of the tank. I he added complexity does 08 

not signifkanrly alter the anchorage design for the tanks usually construc:ted to APT st<mdards. Consequently, the simplified. but 
proven, melhod is retained. 

EC.6.2.2 Maximum Longitudinal Shell Membrane Compression Stress 

EC.6.2.3 Foundation 

Using the calculated maximum toe pressure in the tank shell to satisfy equilibrium on self anchored flat bottom tanks produces 
impractical rtngwall dimensions. Some yielding of soil (seuJemenr) may occur under the shell requiring re-levellng of the tank 
after a seismic event. The foundations under flatboltom tanks. even tanks resting directly on earth foundattons. have fared weJJ 
under sei<>mic loadings. Therefore, Lhe seismic loading does not alter the foundation design criteria or providejusrification for 
increased foundations for ringbearing plates. 

A requireme111 for a mechanlcaJJy-anchored tank stability check was added. This check assumes that the tank. product 8Jld fmm
dalion behave as a rigid body and is over-turning about the toe (i.e., base of the tank) . This is not the actual behavior of the tank 
system but is a convenlent model to use for checking the gross stability of tht> foundation. See Figure EC-!0. The required factor 
of safety is 2.0 for this model. 
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Figure EC-1 0- 0verturning Moment 
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EC.6.2.4 Hoop Stress 

EC.7 Detailing Requirements 

EC.7.1 ANCHORAGE 

EC.7 .1.1 Self-Anchored 

EC.7 .1.1 .1 Mechanically-Anchored 

Although not the preferred solution for mechanical anchors. straps are permitted. However, if straps are utilized, proper detaiJs are 
vital to achieve the per.f01mancc objective. The anchorage into the foundation should be mechanical , and not rely on bond 
strength alone. Since there are no direct technical testing methods .for validation as exist for .anchor bolts. the ability of the detail 
selected to yield the anchor strap should be demonstrated preferably by tesr or. at a mini mum, by caJculation. 

The design and detailing of the strap should also allow fo1· the commonly ocnm·ing corrosion of the strap near the foundatjon. 
while not providing lOo much steel area that reduces the desirable ductile strel'ching of thP strap under overload. One solution is to 
contour the strap to produce reduced area over a portion of the strap length.. See Figure EC-1 1. 

The connection to the shell is also often poorly detaHed and stresses the attachment weld in the weak direction. Attaching the 
so-ap with a single horizontal fillet weld is not recommended. Attaching the strap to a thicker reinforcing pJate may also be neces
sary to avoid over~stressi.ng the shell. One method of detailing a strap is showh is Jiigure EC-11. 

Figure EC-11-Anchor Strap Attachment to Shell 

EC.7.2 FREEBOARD 

Freeboard Js provided to redtlce potential operational damage to the upper shell and roof by the impingement of the sloshing 
wave. In some circumstances, this damage may include tearing of the roof to shell connection and release a small amount of prod
uct. However, in almost all cases, U1is dama,ge is not a structural collapse mechanism but rather an issue of operational risk and 
repair cost. Designing the typical APT style roof and sltell to resist the sloshing waw is impracticaT. 

ln thl~ rare situation that the these provisions are applied ro a tank that is completely filled and no sloshing space ·is provided abovt 
the maximum operating level . the entire contents of the tank should be considered an impulsive mass. 

EC.7.3 PIPING FLEXIBILITY 

Lack of sufficient piping flexibility has been one of the leading causes of product loss observed after an earthquake. Piping 
designers may nor recognize the movements that the tank and foundation may expe1ience and may nm provide sufficient flexibil
ity ln the pipingsysrem and supports. This overstresses the pipe aod tank sheiJ, usuaJly causing a piping break. 
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Piping designers should not assume that the tank is an anchor point to resist piping loads without carefully evaluating the mechan
ical loads on the tank. including the compalibility of displacement. While the tank shell is relatively stiff in reacting to loads 
applled in the verticaJ direction. in most cases it is not stiff relative to the piping for radial or rotationaJ loads. 

A table of design displacements is included in the appenctix. See Table E-8. These values are a compromise of practical design 
considerations. economics Cllld lhe probability that the piping connection will be at U1e point of maximum uplift. If one "esti· 
mated" the tank upl ift using the simplified model In the appendix. d1e up.l ifi will often exceed the values in Table E-8 l!nless the 
tank is in lower ground motion regions. 

MechanicaJly anchoring the tank to reduce piping nexibillty demands should be a "last resorr." The cost of anchoring a tank rhat 
otherwise need not be anchored will often be larger than altering the piping configuration. The cost of the anchors, the foundation, 
and tht> attachment details to the shrll must be weighed against piping nexibility devices or con figural io11 changes. 

Some tank designers jncorporate under-bottom connections attached to the bottom oU£ of !he uplift zone. This- is potentially prob
lematic in areas where high lateral impulsive ground motion may cause t11e tank to slide. The tank sliding may cause a bottom 
failure. Properly detailed connections though the cylindrical shell are preferred. 

EC.7.3.1 Method for Estimating Tank Uplift 

EC.7.4 CONNECTIONS 

EC.7.5 INTERNAL COMPONENTS 

Buckling of the roof rafters perpendicular to the primary direction of the lateral ground motion has been observed after some 
events. Initially, ~liS damage was thought to be impingement damage to the rafter from the sloshing of the liquid. Presently. this 
buckling behavior Is believed to be the result of the tendency of the flexible tank wall to oval. creating a compressive force per
pendicular to the direction of the ground motion. AlloWing these rafter to slip, or including an "accidental" compressinn load in 
the design of the rafter is recommended. 

EC.7.6 SLIDING RESISTANCE 

EC.7.7 LOCAL SHEAR TRANSFER 

EC.7.8 CONNECTIONS WITH ADJACENT STRUCTURES 

EC.7.9 SHELL SUPPORT 

EC.7 .10 REPAIR, MODIFICATION OR RECONSTRUCTION 

EC.8 Additional Reading 

The following references are p<n1 of a large body of work addressing the behavjor of tanks exposed to seismic ground motion. 

1. Hanson. R.D .. Be/Javjor oi'Uqutd Storage Tanks, Report. National Academy of Sciences, Washington D.C., 1973, pp. 331 
-339. 

2. Haroun. M.A .. and Housner. G.W .. "Seismic Design of Liqujd Storage Tanks." Journal of Technical Couflcils, ASCE, Vol. 
107. April 198 L pp. 19 I - 207. 

3. Housner. G.W. l954 . Earthquake Pressures on Fluirl Conrainers. California Institute of Technology. 

4. Malhotr.l, P.K.. and Veletsos, A.S.. "Upliftjng All a lysis of Base Plates in Cylindrical Tanks." }ovmal of Structurai.Divl
sion.ASCE, Vol. 120, No. l2, 1994. pp. 3489 - 3505. 

5. Malhotra, P.K., and Veletsos. A.S., Seismir response of unanchored and pardally anchored liquid-storage tanks. Report 
TR-105809, Electric Power Researd1 Institute. Palo A.Jto. 1995. 
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EC.9 Example Problems 

I. Dctenniuing Spech-al Acreleration Parameters Using ASCE 7 Method 

2. Detrmtining SpectraJ Acceleration Parameters Using Peak Ground Acceleration 

3. DetPm1jning Spectral Acceleration Parameters Using Site-speciflc Response SpeCJrum 

4. Calrulaliug Impulsive, Convec1ive and Combined Ovenuming Momt>nl anci Bac;e Shear 

os 5. Calrulating Anchorage Ra1ro "]' and Self-Anchored Annular Plate 

6. Calculating Hydrodynamic Hoop Stresses 

7. Calculaling the Overturning Stability Ratio 

EXAMPLE PROBLEM #1 

Determining Spectral Acceleration Parameters Using ASCE 7 Method 

l~equirrd for US Locations 

Sejsmic ground mntion par'arllelers may be deterrnined from the ASCE 7 maps (1his may be dirtlcull in some !orations due to 
scale): or, using digital data rrom USGS or IBC CD-ROM, 

The resuhs from 1hc USGS web site for an assumed location. using the 2002 values: http://eqhazmaps.usgs.gov/index.html 

The gr'Ound mOtion values for the requested point: 

LOCATION 35 Lat. - 118 Long. 

DI.STANCE TO 

NI:.ARF$TGRID POINT OOOkms 

~EARESl GRID POINT 35.00 lat. - 118.00 Long. 

Probahillslrr ground motion values. io %g. a1 I he Nearest Grid point are. 

10%P£ in 50 yr 2%PE in 50 'jl 

PCA 23.00 38.22 << \;l 

0.2 sec SA 54.56 92.65 << Ss 

J.OsN· SA 25.35 <12.09 << S1 
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Similarly. using the lBC 2000 CD-ROM "' 

Selecting Ssand St 

API 650 Appendix EC Example Problem 

MCEPararneters-Contem1inous 48 Slates 

Lalitude = 35.0000. Longitude= - 118.0000 

Data are based on the 0.01 tleg grid set 

Period SA 
(sec) (%g) 
0.2 102.7 Map value. SoH Factor or 1.0 
1.0 '12.0 Map Value. Soil fi'actor of 1.0 

Comparing to ASCE 7-02 Map. Figure 9.4.1.1 (c) • 

5..\ =- 100% g 

St = 42%g 

EC-13 

The ABC 2000 and ASCE 7 values are based on the USGS 1996 values. These values will be used for the example problems. 
The user should note that these maps are likely being revised in the later editions of these documents. 

Tl1erefore. use 55 = 103% g. 51 = 42%gand .SO= 38% g 

Ss = 103% g 

s, = 42% g 

So = 38%g 

For this site. (from ASCE 7 maps) 

TL = 12 seconds 

Assuming Site Class D. and mterpolating 

Fa = 1.09 

(See E.4.4) 

Fv = 1.58 

Q = 0.67 for ASCE methods 

Therefore 

Sos = QFaSs = 75%g 

S01 QF~St ; 44%g 

SrxJ QSo = 25%g 

~· = Sv/Svs = 0.59 seconds 

To = 0.2Sm1 Sos = 0. I 2 seconds 

The response spectrum can now be constructed (does not include JIR11J 

Determine Spectral Acceleration Coefficients (See E.4.6.1) 

Given: 

Assume Lank is self-anchored. Rw: 3.5 (see E.5.1.1) 

08 
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1 2 

10 

0.8 

0.6 

0.4 

0.2 

0.0 

SUG I applies. f 1.0 

Tank Diameter. D = LOO fl 

Producl I Ieight, H ; 40 fl 

Impulsive 

Convective 

Per E.4.5.2, 

EXAMPLE PROBLEM #2 

API STANDARD 650 

' I 
i \ 

• . 
• • II ·. 

I 

\ I 
~ 

' • 

' 
.. 

r--.. .. ~ .. ·- ·-· ... I l ··- .. -- --
0 2 3 4 5 6 7 8 9 10 11 12 13 14 

1-MCE -- • 5% Destgn RSC • • • 0.5% DeSign RSC I 

A1 = Sos(Rl) = 0.75(31.~ )= 0.2 1 >0.007 
Ill .o 

1;, = 6.09 seconds < TL 

Determining Spectral Acceleration Parameters Using Peak Ground Acceleration 

For regions ouiSide I he US where applicable 

For the same lank in Example Itt. located ourside the US. 

See E.4.3. 

Assuming I he only parnmeter given is the 475 year peak ground acreleration (damping~ 5%) 

This is comparable to 1he · Z used in the earlier editions of the USC. 

Assume 11ta1 regulation~ tlo not provide response spectrum. 

S.ince 1175 year recurrrnce interval is basis of peak ground acceleralion. Q .: 1.0 (no scaling). 

(E.4.6.1-l) 
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Detem1ine parameters: 

Sp = 0.23%g«given See Ex#l. USGS PGA for 10% PE 

Ss = 2.5 Sp = 0.58%g 

s1 = 1.2s sv = o.29% g 

Assuming Site Class 0 , and interpolating 

No soil or site class parameters were gjven in the local regulations. use same as Example It! 

Fa = 1.09 (See E.4.4) 

Fv = 1.58 

Q= LOO 

So is 475 year value 

Therefore 

SDS = QF;rS.s-> 63%g 

Sv1 = QF.,Sl 46%g 

SD() = Q.SU 23%g 

7;, = So1fSvs = 0. 73 seconds 08 

To = 0.25/Jl/ 50s = 0.15 seconds 

The response spectrum can now be constructe(.) (does nol include T/R11) 

07 
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The remaining calculations are similar to those shown in Example #-1. 
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EXAMPLE PROBLEM #3 

Determining Spectral Acceleration Parameters Using Site-Specific Response Spectrum 

Given the fol lowing 2500 year recurrence interval sire specific response spectrum. 

Assume that the spectrum was developed according to the requirements of Appendix E. 

AJso, assume tbal the soU/site class influences are included in the spectrum (i.e .. Fa and Fv = L.O) 

1.8 

1.6 

-J' 
~ ,_\ -

I 
I \ 

- - I 

7\ln I 

I \ I 
I 

~\ I -\\, I 

"' I 
~ '"~ I -- ----+-~ 

I f I 

1.4 

1.2 

0.6 

0.8 

0.4 

0.2 

0 
2 7 

• I 
3 4 5 6 0 

1--s% - - o.so% 

From this response spectrum select the peak ground acceleration. S;IJ ~ (the • denotes site-specific in Appendix E nomenclature) 

Using the 5% CUive. 

sa0 ' = o.33g 

Select the Impulsive Spectral Acceleration 

There are two methods: l) calcuJare Lhe impulsive period per £.4.5.1 . or Section 2) the more traditional 

approach-simply use the maximum value in the shon period region of the curve. Using this second approach. 

and the 5% spectrum: 

Sa/ = J.L5g 

Select the Convective Spectral Acceleration 

Using the sloshing period form Example Problem# I. and reading from the 0.5% curve. the convective spectral acceleration is: 

Sa/ = 0. 13g 
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Assuming thai the project specifications do not reqUire designing for the 2500 year event. but follow Appendix E: 

Using Equation (E.4.6.2-1) 

Ar= 2.5QS;;0*0.550g 

AJiiteraLively, scale Sai· by the factor Q= 0.77 g « USE 

Similarly, 

Ac = QS8 r = 0.087 g << USE 

These vaiLtes of Aland Ac may be substituted into the equations in Appendix E. 

EXAMPLE PROBLEM #4 

Calculating Impulsive, Convective and Combined Overturning Moment and Base Shear 

This problem illustrates the determination of the seismic base shear and overturning forces. 

Known information about the tank: 

1-i = 40 fl 

D = lOO fL 

G = 0.7 

~1 = 13,722.000 Jb, weight of product 

w5 = 213,500 lb, weight of the shell 

W, = 102. J 00 lb. weigltl of the roof (an allowance for a snow load is no1 requjred for this sile) 

Wr = 80,900 lb, weight of 1he botwm 

t5 = 0.5625 in., lhick.ness of the bottom shell course 

F'_1, = 30.000 psi for ASTM A 283. Grade C material for the bottom plate welded to the shell 

Sa = 20,000 psi for ASTM A 283, Grade C material for tlJC lowesr shell course 

X5 "' 18.0 fl (this value was assumed to be 0.45 x H1 for this sample problem) 

Xr "' 4 J .0 ft (this value was assumed to be fit+ 1 for this sample problem) 

l = 1.00 Seismic Use Group T for a self-anchored tank 

Rw = 3.5 

Problem Solution 

EC-17 

(E.4,6,2-I) 

Per E.S.J and E.6.l.6. the equivalent lateral seismic force is gJven by Lhe square root sum of the squares combination impulsive 
and convective forces. 

The seismic base shear is detennjned by Equation (E.6.1-l): 

(E.6.1- l) 

The seismic overturning moment at rhe base of the tank shell ringwall) is determined by Equation (E.6.1.5- l): 

(E.(). I .5- l) 

08 
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Determine the Impulsive Water Param eters 

W;. lh€' impulsive weight 

DIH = 2.50 > = 1.33 Use Equation (E.fi .Ll-1) 

tanl{0.866~ 
W, = D W,. 

o.s6s"H 

= 0.450 X 13,722,000 

= 6,173.000 lb 

X" the moment ann for tile impul~ive product mass. see Equatiou (E.6.1 .2.1-J) 

X;=0.37SH~ 15.0 ft 

II;. the impulsive spectral acceleration parameter was detem1incd in Example Problem #1 

A,= 0.2 Lg 

Determine the Convective Water Parameters 

Dete1 mine H'i. the convect ivc water w~ight using Equation (E.6. 1.1-3) 

D (3.67 H\ 1¥, = o.230Htanh -o; wp 

c::0.5 17x 13.722.000 

;; 7.095,000 lb 

The sloshing period was determined in Example Problem -Il l 

1~= 6.08 seconds < T, = 12 seconds 

Ar was derem1ined in Example Problem #I 

Ar=0.054g 

X,, the momem ann for the convective water mass is detemlint><l by Equation {E.6. 1.2.1 -3) 

l coshe·~ !i) -l l 
X,= 1.0- H 

3.67 H . l (3.67!:') --Sil11 --
D D 

= 0.574 X 40 

= 23.0 ft 

(E.6. l.J - I) 

(E.6.1.2.1- l) 

(£.6.1.1-3) 

(E.6.1.2.1-3) 



WELDED TANKS FOR OiL STORAGE 

Determine the Seismic Base Shear 

The impulsive component is determined by Equation (E.6.1 -2) 

Ai = 0.21g 

W5 = 213,500 lb 

l¥t· = 102,100 lb 

Wr = 80,900 tb 

Vltj. = 6.173.000 lb 

= 0.21 X 6.569,500 

= I ,379,600 lb 

The convective component is detem1ined by Equation (E.G.l-3) 

Ac = 0.054g 

"'~· = 7,095,000 lb 

The seismic base shear is 

Determine the Seismic Overturning Moment 

= 0.054 X 7.095,000 

= 383, 100 lb 

II= j1ij + V;. 

= 1.431.800 lb 

The ring,-vall moment is determined by Equation (E.6. 1.5-1) 

A; = 0.2lg 

14'1 = 6. 173.000 lb 

X; = 15,0 ft 

Ws = 213.500 lb 

Xs :: 18.0 ft 

Wr = 102.100 lb 

EC-19 

(K6.l -2) 

(E.6. l-3) 

08 

(E.6.l.5-l) 
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~\~ = 4t.O n 
0.21 X 100,624,100 

21,131,100ft-lb 

Ill 0.054g 

lit; 7,095.000 lb 

Xc = 23.0 n 
0.054 x 162.87 MOO 

= 8.79fl.200 rt-lb 

The seismic overturning momen1 at the base of I he tank shell. M111, is 22,888.400 ft-11.1 

EXAMPLE PROBLEM #5 

Calculating Anchorage Ratio "J'' and Self-Anchored Annular Plate 

Determine if the tauk is !>U]table for the seismic overturning forces without the need for anchors. 

Consideration of vertical seismic accelerations are not considered for I his problem (A 11 : 0). 

Known infonnation for this tank: 

D = 100 ft diameter 

1 "" 0.5625 in .. the thickn~s of the lowest shell course 

r,1 = 0.25 in., the thickness of the bottom plare welded to the shell fl 

H = 40 n 
G = 0.7 

Sd "" 20.000 psi for 1\STM A 283, Grade C material for the lowest shell course 

Fv ., 30.000 psi for ASTM A 283. Grade C tnaterial for the bottom plate welded to lhe shell 

N"w == 22.888,400 ft -lb, the seismic overturning moment ar the base of Lh<> tank 

W5 = 213,500 lb, the welght of the shell 

W"' = 61.300 lb, weight of the roof supported by tl1e shell (assumed 60% of Wr without snow) 

w"' = 195 lb/ft. the weight of the roof supported by the sheiJ 

The resisting forte for a seJf-ancho• ed tank is dctennined by Equation (E.6.2. I .1· 1 b) 

w., = 7.9t~JF,HCeS 1.28 HDC( I - A,) 

= 3584 lblft 

l~a= l8101b/ft 

(E.6.2.U -lb) 
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The and10rage ratio. ]is: 

Using Equation (E.6,2.LL1-2) 

w, 
w: =-+It! 

1 1tD rs 
(E.6.2. 1.1.1-2) 

= 680 + 195 

: 875 lb/f1 

Applying this to Equation (E.6.2.l.J.l-l) 

]= 
7 

Mrw 
D'l w1( l - OAA,) + w, - 0.4 w1111 ] 

(E.6.2. Ll.l - i) 

= 0.853 < 1.54. tl terefore tank is stable 

For purposes of demonstration, assume M,111 is doubled aJld lis =- i.7L > 1.54. therefore tank is not stable 

With this increased load. this tank does not meet the stability requirements wJU1 a 'I.J in. tJ1ick bottom plate under the shell. Try a 
thickened annular plate 

Detem1ine the required bolt om thickness in order to avoid the addition of lank anchorage. 

By trial-and-error. a 0.4375 in. thick annular ring will be used. 

Recalculating: 

la = 0.4375 in. 

llfa "' 3168 lb/ft 

J = 0.5o6 < l .54, therefore tank is now stable 

The minimum width of the butt welded annular ring to be provided {inside the tank) is calculated by Equation (E.6.2.1.1 .2-lb) 

L = O.ZI6r,,JF/ HG (£.6.2.1.1.2-1 h) 

"'3.09 ft = 37.1 in. 

but, L to exceed 0.0350 = 3.50 ft = OK 

A 0.4375 in. thickened annuJar plate projecting at least 37.1 in. jnside the tank shell is OK providing. the check the vertical shell 
compression due to seismic overturning forces is meL 

1 = 0.566, no calculated upHfr 

= 993 psi 

The aUowable shell compression is calculated by the following equation: 

GHrJ If = 884, 938 < l , 000, 000 

08 
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'I he allowable compression is give11 by Equation (E.6.2.2.3-2b) 

EXAMPLE PROBLEM #6 

Calculating Hydrodynamic Hoop Stresses 

See E.G. ! A. 

Consider both lateral and vertical accelerations. 

= 4925 psi > 993 psi -= OK 

The uwner has spedOed a vertical acceleration of 12.5% IJ. 

Known inforp1alion aboul tJ1e lank: 

If = 40 fl 

D -= 100 fr 

G = 0.7 

t ( = 0.5625 in., lhicknrss of thr bottom shell course 

F! = 30.000 psi for ASTM A 283, Grade C material fortJH? bottom plate welded £O the shell 

Sr1 = 20,000 psl for ASTM A 283. Grade C material for the lowest shell course 

E = I.O weld joint effi ciency 

A,= 0.210g 

Ar = 0.054 g 

A, = 0.125 g 

The product hyd1'ostatic membrane hoop load at the base of the tank is 

M, = 2.6(1-/ - l )DG 

= 7098 lb/in. 

fhe impulsive hoop membrane hoop force at the base of the tank is calculated by Equation (E.6.1.4- I b) 

011-1 = 2.5 

Y "' H = 40ft 

N, = 4.5A,GDT-~- o .s(~}anh(0 .866~ 

09 = 1312 lb/in. 

The convE.'ctive hoop membrane hoop load at me base of the tank Is Equation (E.G.l.4-4b) 

os DIH = 2.5 

Y = H = 40 fl 

(E.6.2.2.3-2b) 

(E.6.1.4-I b) 



WELDED TANKS FOR OIL STORAGE 

= 163 lb/in 

The total hoop stress. including lateral and vertical seismic accelerations per Equation (E.6.1, 4-b) 

= 15,449 psi (max) 

The aJJowable seismic hoop sttess is the lesser of 

1.333 x Sd= 26,660 psi (GOVERNS)< 22,924 psi = OK 

0.9Fy= 27,000 psi 

EXAMPLE PROBLEM #7 

Calculating the Overturning Stability Ratio 

See E.6.2.3. 

See Example Problem #4 

D : 100ft 

I-f = 40ft 

14~ -= 13,722,000 lb weigltl of product 

Wr = 80,900 lb weight of floor 

Wr = 315.600 lt.J weight of tank 

Wrd = L41 3,716 lb weight offoundatioo 

Wg = 721.300 lb w~ight of soil over foundation 

Assume Ms= 75.000,000 lb-ft 

EC-23 

(E.6.1.4-4b) 08 

09 

08 
(E.6.1.4-b) 

09 
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Compute weight of fouudalion: 

API STANDARD 650 

Assume concrete we1ghs 150 lbslcr 
Assume soil weighs 1 00 lbs/cr 

W,11 -= ISOnDArd = 150rr( 100)[ (2.\'6) + (3x6)] = I, 413. 716 lb 

Compute weight of soil over footing 

Outside ringwaJJ: 

Summing 

w8 = 721 ,300 lbs 

1~0 = IOOrr(D + 4 fl)(2 .r5.5) -= 359.400 lb 

W8, = 100rr(D- 4 ft)(2x6) = 361.900 lb 

Sum moments about toe of the tank. Equation (E.6.2.3-1} 

= 10.8 > 2 =OK 

(E.6.2.3-I) 



APPENDIX F-DESIGN OF TANKS FOR SMALL INTERNAL PRESSURES 

F.1 Scope 

F.1 .1 The maximum internal pressure for closed-top API Std 650 tanks may be increased to the maximum internal pressure 
permitted when the additional requjrements of this appendix are met. This appendix applies to the storage of nonrefrigerated liq
uids (see also APT Std 620. Appendices Q and R). For maximum design temperatures above 93UC (ZOO"fo). see Appendix M. 

F.1.2 When the internal p1essUte multiplied by the cross-sectional area of the nofllinal tank diameter does not exceed the nomi
nal welghL of lhe metal in the shell. roof. and any framing supported by the shell or roof. see the design requirements in F.3 
through F. G. Overturning stability with respect to seismic conditions shall be determined independently of internal pressure uplift. 
Seismic design shall meet the requirements of Appendix E. 

F.1.3 fnternal pressures that exceed the weight of the shell, roof. an('! framing but do not exceed 18 kPa (21/z lbf/in}) gauge 
when the shell is anchored to a counterbalancing weight, such as a concrete rJngwall. are covered in F. 7. 

F.1.4 1anks designed according 1o this appendix shall comply with all the applicable rules of this Sta11dard unless the rules are 
superseded by the requil'ements of F.7. 

F.1.5 The tank nameplate (see Figure J 0-l) shaU indicate whethl'r the tank has been designed in accordance witJ1 F.1.2 or F. J.3. 

F.1.6 figure F- l is provided to aid in the determination of lhe appJicabillly of vadous sections of this appendix. 

F.2 Venting (Deleted) 

F.3 Roof Details 

The derails of Lhe roof-to-shell junction shall be in accordance with foigure F-2. in which the participating area resisting Lhe com 
pressive force is shaded with illagonal lines. 

F.4 Maximum Design Pressure and Test Procedure 

07 

F.4.1 The maximum design pressure. P. for a tank lhat has been constructed or lhal has had its design detai ls established may be 1 os 
calculated from the following equalion (subject to the limitations of Prnax in F.4 .Z): 

In Sl units: 

where 

p = AF,tane + 0.00127 Dw 

zood d 

P = internal design pressure (kPa). 

A = area resisting the compressive force. as illustrated in Figure F-J (mm~) , 

Fv =- lowest minimum specified yield streugth (modified for design temperature) of the materials in the roof-to sheU 
junction (MPa). 

e = angle between the roof and a horizontal plane at the roof-to-shell junction (degrees). 

tan e = slope of the roof, expressed as a decimal quanUry, 

Di.,R = nominal weight of roof plate plus any attached structural (N). 

DELETED 

F-1 



F-2 

Provide anchors and 
conform to F.7. 

Yes 

UseAPI620 

API STANDARD 650 

Basrc Design 

Basic Design 

Basrc Desrgn plus Appendrx F.l lhrough F.6. 
Anchors for pressure not required. 
Do not exceed P,..... 
Limit roof/shell compression area per F.S. 

API 650 wrth Appendix For 
AP1620 shall be used. 

Figure F-1-Appendix F Decision Tree 
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DelaNd 

Oelalla 

Detan h 

thickness of angle k:g 
thlcl;ness of bar 
thlckf\ess of shell plale 
thl{.l<ness of roof plate 

Detalle 

1111Gkness of thltl<ened plate in shell 
•• plus t0 (see note •I) 
maximum width ol participating st>ell 

1,-

Oetanl 

= 0 6 (Rt 1)11
" , wheru t = '•· 10, ... or t, aG applitablfl 

Notes: 
I. All dimensions and thicknesses are in mm (in.). 

R< 

·~:----- Noutral a~IS 
olangle 

Dala!l b De1a1lc 

t, R, 

Detail I Detallg 

Full fus1oo weld at 
these radial jointS 

compress1on 
ring When lap 
welded. lhe roof 

we 

may be located 
above or below 
the compression 
ring. 

Oetallk 

max1mum Width of participating roof 
= 0.3(R2 1/,)11> or 300 mm P?.ln,) whfch•ver Is less. 
Inside radnls of tank shell 
length of the n01mal to the roof. measured from ltlEI 
vertical centerline of the tank = R, I (sin 6) 
angle between roof and horizontal 

'• 

2. Dimension 8 in details b. c. d, and e is: 0 s B S: C. C is the dimension to the neutral axis of the angle. 
3. The unstiffened length of the angle or bar, Le. shall be limited to 250ti(Fy) li2 mm l3000tl{Py)ll2 in.l whereFy is thC! minimum speci· 

fied yield strength, MPa (lbrtin.Z) and t = ta or lb. as applicable. 
4. Where members are lap welded onto the shell (refer to details a, b, c. and g) , tf may be used in We fom1Uia only for rhe extent of the 

overlap. 

Figure F-2- Permissible Details of Compression Rings 

F-3 
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In US Customary units: 

where 

p = (0.962)(AF1.)(tanEl) + 0.245 D LR 

d- rJ 

P = interna 1 design pressure (in. of water) , 

A = area resisting the compressive force. as illustrated in Figure F-2 (in.Z). 

F1 = lowest minimum specified yield strength (modified for design temperature} of the materials in the roof-to-sheJI 

jwlction (lb/in.2). 

e = angle between the roof and a ho1izontal plane at the roof-to-shell junction (degrees) , 

tan 6 = slope of the roof. expressed as a decimal quantity. 

DLN = nominal weigh!' of roof plate plus any attached structural (lbi). 

F.4.2 The maximum design pressure. limited by uplift at the base of the shell. shall not exceed the value calculated from the fol 
lowing equation unJess further limited by F.4.3: 

In Sl units: 

when' 

Pmax maximwn design internal pressure (kPa). 

D1....'> = nominal weight of the shell and any framing (but not roof plates) supported by the shell and roof (N) , 

Mw = wind moment (N -m) . 

DLR = nominal weight of roof plate plus any attached structural (N). 

In US Cuswmary units: 

p - 0.1632DLS 0.245 D 1.Jl 0.2938Mit 
max- D2 + JJ - lY 

where 

Prnax maxjrnum design internal pressure (in. of water). 

Drs = norninal weight of the shell and any framing (but nor roof plates) supported by the shell and roof (lbl). 

11 Mw = wiod moment (fl-lb~. 

DLR :: nominal weight of roof plate plus any atrached structural (lbl). 

F.4.3 As top angle size and roof slope decrease and tank diameter increases. the design pressure permltted by FA.l and F.4.2 
approaches the failure pressure of F.6 for tJ1e roof-to-shell junction. ln order to provide a safe margin between the maximum oper
ating pressure and the calculated failure pressure, a suggested further limitation on the maximum design pressure for tanks with a 
weak roof-to-shell attachment (frangiblejoim) is: 

Prnax ~ 0.8Pr 

F.4.4 When the entire tank is completed. it shall be filled with water to the top angle or the design liquid level, and 01e design 
ioternaJ air pressure shall he applied to the enclosed space above tl1e water level and held for 15 minutes. The air pressure shaU 
then be reduced to one-half the design pressure, and all welded joints above the liquid level shall be checked for leaks by means of 
a soap lllm. linseed oil. or another suitable materiaL Tank vents shaJI be tested during or after this test. 
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F.5 Required Compression Atea at the Roof-to-Shell Junction 

• F.5_1 Where the maximum design pn•.ssure has already been established (not higher than that permitted by F.4.2 or F.4.3. when
ever applicable). the total required rom pression area at the roof-to-shell junction shall be calculated from the t'o llowing equation: 

In Sl units: 

where 

2ood(P _ o.00121 Dui\ 
' Dz ) 

A = ----::----=---
F:,(t:ane) 

A = total requirE-d compression area at the roof. to-shell junction (mrn2) . 
P1 = design internal pressure (kPa) _ 

Dl.R = nominal weight of roof plate plus any attached structural (N). 

In US Customary units: 

where 

A = total requirE-d compression area atlhe roof-to-shell junction (in.2). 
P; = design internal pressure (in. of water). 

DLR = nominal weight of roof plate plus any attached structural (lbf). 

A is based on the nominal material thickness less any corrosion allowance. 

F.5.2 For self-supporting roofs, the compression area shall not be less than the cross-sectional area calculated in 5.l0.5 and 
5.10.6. 

F.6 Calculated Failure Pressure 

11 

Failure of the roo f-LO-shell junction can be expected to occur when the stress in the compression ring area reaches the yield poinl. I 
On this basis. au approximate formula for the pressure at which failure of the top corn pression ring is expected (using conserva- os 
tive effecUve areas) to occur can be expressed in terms of lhe design pressure permitted by F.4.1. as follows: 

Jn Sl units: 

Pr = 1.6? - 0.000~6 D LR In 
where 

Pt = calculated minimum failure pressure (kPa). 

Dr..N = nominal weight of roof plate plus any attached structural (N). I 08 

11 

In US Customary units: 

where 

Pr = calculated minimum fai lure pressure (in. of water). os 

DLR = uominal weight of roof plate plus any attached structural (lbf). 11 

Note: Experience with arlual failures indicates thai buckling of the roof-to-shell junction is localized and probably occurs when the yield point of 08 the material is exceeded in the compression area. 
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F.7 Anchored Tanks with Design Pressures up to 18 kPa (21/2 lbf/in.2) Gauge 

F. 7.1 Jn calculating shell thickness for Appendix F tanks that are to be anchored to resist uplift due to internal pressure, and 

I when selecting shell manhole thicknesses in Tables 5-3a and 5-3b and Hush-type cleanout fitting thicknesses in Tables 5- lOa and 
os 5-lOb. H shall be increased by the quantity P/(9.8G) lP/(12G)]- where His the design liquid height. in m (fl). Pis the design 
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pressure kPa (in. of water), and G is the design specific gravity. 

F. 7.2 The required compression area at the roof-to-shell j unction shall be calculated as in F.S. l . and thf' participating compres
sion area althe junction shall be determined by Figure F-2. Full penetrc1tion butt welds shall be used to connect sections of the 
compression ring. For self-supporting roofs, the compression area shall not be less than the cross sectional area calculated in 
5.1 0.5 or 5.10.6 as applicable, Materials for compression areas may be selected from APl 650. Section 4, and need not meet 
roughness criteria of 4.2.9. 

F. 7.3 The design and welding of roofs and the design, reinforcement. and welding of roof manholes and nozzles sha!J be com
pleted with consideration of both APl650 and API 620. The design rules shall be as follows: 

l. The thickness of self supporting roofs shall not be less than required by API 620, 5. 10.2 and 5. 10.3, using APJ 650, Table 5-
2, for allowable stresses and API 620. Table 5-2, for joJnt efficiency and radiography requirements. "nle thickness of self 
supporting roofs shall not be less than required by API 650. 5.10.5 or 5.10.6, as applicable. 

2. Roof plate, manway and nozzle materials shall be selected from API 650, Section 4. Materials need not meet toughness cri
teria of 4.2.9. 

3. Roof manways and roof uozzles shall meet the requirements of API 650. 5.7 .1 through 5.7.6. for shell man ways and noz
zles. Where des.igned details for API 650 vary by height of liquid level. the values for the lowest liquid level may be 
used. Alternatively. roof rnanways and nozzles may be designed per APT 620 using all the rules for API 620 roof man
ways and nozzles, including the 250aF maximum design temperature limitation. 

• F.7 .4 The design of the anchorage and ils attachment to the tank shall be a matter of agreement between the Manufacturer and 
the Purchaser and shall meet the requirements of 5.1 2. 

F. 7.5 Tile counterbalancing weight. in addition to the requirements in 5. 12. shall be designed so tJ1at the resistance to upl ift al 
1 he bottom of the shell will be the greatest of the following: 

a. The uplift produced by 1.5 times the design pressure of the corroded empty tank plus the uplift from the design wind velocity 
11 on lhe tank. 

b. The uplift produced by 1.25 times the test pressure applied to the empty tank (with the nominal thicknesses) . 
c. The uplift produced by 1.5 times the calculated failure pressure (Prin F.6) applied to the tank filled with the design liquid. The 
effective weight of the liquld shall be limHetl to the inside projection of the ringwall (Appendix: B type) from the tank shell. Fric
tion between the soil and the ringwall may be included as resistance. When a footing is included ill the ringwall design. the 
effective weight of the soil may be included. 

F. 7.6 After the tank is filled with water. the shell and the anchorage shall be visually Inspected for tighLness. Air pressure of 
J .25 times the design pressure shall be applied to the rank filled with water to lhe design liquid height. The air pressure shall be 
reduced to the design pressure, and cl1e tank shall be checked for tightness. In addition, all seams above the water level shall be 
tested using a soap nlm or another material suitable for the detection of leaks. After the test water has been emptied from the tank 
(and the tank is al atmospheric pressure). the anchorage shall be checked for tightness. The design air pressure shall then be 
applied to the tank for a final check of the anchorage. 



APPENDIX G-STRUCTURALL Y -SUPPORTED ALUMINUM DOME ROOFS 

G.1 General 

G.1.1 PURPOSE 

This appendix establishes minimum criteria for the design, fa brication, and erection of structurally-supported aluminum dome 
roofs. When this appendix is applicable, the requirements of 5.10 and the paragraphs in Appendix f that deal with roof design are 
superseded. All other requirements of API Std 650 shall apply, except that the maximum design temperature shal l not exceed 
90"C (200.,F). 

G.1.2 DEFINITION 

A structurally-supported aluminum dome roof is a fully triangulated aluminum space truss with the struts joined at points arrayed 
on the surface of a sphere. Aluminum closure panels are f1m1Jy attached to the frame JI1E'Jnbers. The mof is attached to and sup
ported by the tank at mounling points equally spaced around the perimeter of the tank. 

G.1.3 GENERAL APPLICATION 

G.1.3.1 New Tanks 

When thjs appendix is specified for a new tank, the tank shall be designed to support the aluminum dome roof. The roof Manufac
turer shall supply the magnitude and direction of all the forces acting on the tank as a result of the roof loads. together with details 
of thE' roof-to-shell attachment. The tank shaJI be designed as an operHop tank, and its wind girder shall meet the requirements of 
5.9. The top of the tank shell shall be structurally suitable for attachment of the dome roof structure. The tank Manufacturer and 
the foundation designer shall be responsible for designing the tank and foundation , respectively. for the loads and nwments trans
mittrd frorn the roof, as provided by tJ1e roof manufacturer. lf the Purchaser specifies a roof with fixed supports, the supports shall 
be rigidly attached directly to the tank and the top of the tank shall be designed to sustain the horizontal thrust transferred from the 11 

roof (ser G.5.2). 1l1e as-built minimum and maximum diameter atlhe top of the tank shall be rep01ted to the roof manufacturer by 
the Purchaser or the tank Manufacturer. 

• G.1.3.2 Existing Tanks 

When this appendix is specified for an aluminum dome roof to be added to an existing tank (with or wirhour an ex.isting roof) , the 
roof Manufacturer shall verify that the tank has sufficient strength to support a new roof and meet rhe applicable requirements of 
Sectiou 5. 11. Information on rhe ex.isling tank shall be provided by the Purchaser including minimum tank shel l course thick
nesses. tank shell course heights, design corrosion allowance. and ex.isting anchorage details. The Purchaser shaiJ specify the 
existing or new appurtenances to be accommodated by the roof Manufacturer. The roof ManufactlU·er shaU supply the values of 
the forces acting on the tank as a resttll of the roof loads. The Purchaser shall verify the adequacy of the foundations. Unless oth
erwise specified. any reinfon:ement required to enable the tank to support the roof shall be the responsibility of the Purchaser. The n 
design and erection of the roof shall accommodate U1e actual tank shape. The responsibility for determining the tank shape shall 
be specified by the Purchaser. The existing tank shal l be equipped with a wind girder that meets the requirements of 5.9 for an 
open-top tank. 

• G.1.3.3 Existing Tank Data Sheet 

When an aluminum dome is ordered for an existing tank. a data sheet shall be complete(.) by the Purchaser (see Figure C-1). 

G.1.4 SPECIAL FEATURES 

• G.1.4.1 Self-Supporting Structure 

The aluminum dome roof shall be supported only from tl1e rim of the tank. The design of the connection betwer.n 1he roof and the 111 
tank rirn shall allow for thermal expansion, A minimum temperature range of ±70°C (l20nF) shall be used for design unless a 
wider range is specified by the Purchaser. 

• G.1.4.2 Finish 

Unless otherwise specified, the aluminum dome roof materials shall have a 01ill finish. 
G-1 
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DATA SHEET FOR A STRUCTURALLY
SUPPORTED ALUMINUM DOME 
ADDED TO AN EXISTING TANK 

JOB NO. - --- - --- ITEM NO. ------ -
PURCHASE ORDER NO. ___________ _ _ _ 

REQUISITION NO.---------------

INQUIRY NO.--------- -------
PAGE _l_ OF __ 1 _BY 

(INFORMATION TO BE COMPLETED BY THE PURCHASER) 
1. PURCHASER/AGENT _ ___ ________ _ ______ ___ ____ _ _ _ _ _ ___ _ 

ADDRESS ___________ _ _ _____ ___ ______ _ ____ _ _ ___ _ 

Cl"i'Y _____ ________ _______ STATE --- --- ZIP ---------
PHONE FAX ______ _____________ __ 

2. USER ___________________________ _ _______ ____ ___ 

3. ERECTION SITE:NAME OF PLANT __________________ ___ ______ ___ _ 

LOCATION ------- ---- ------------ ----------------

4. TANKNO ------- ------------------- - ------- - ----
5. PUMPING RATES: IN _____ m3Jh (bbl/h) OUi ______ ml Jh (bbUh) 

6. MAXIMUM DESIGN TEMPERATURE ------ - -------(NOT TO EXCEED 90'C [200' f]) 
7 DESIGN PRESSURE; 0 ATMOSPHERIC OR - ---- kPa (in.) OF WATER (INDICATE WHETHER POSITIVE OR NEGATIVE) 
8. ROOF LOADS: UNIFORM LIVE kPa (lbfffl2) 

SPECIAL (PROVIDE SKETCI I) ------------ kPa (lblift2) 
9. SEISMICDESIGN? 0YES 0NO 0APPENDIXE 00RALTERNATESEISMICCRITERIA _______ _ 

IF APPENDIX E. CONTINUE HERE: SEISMIC USE GROUP MBE SITE CLASS------

BASIS OF LATERAL ACCELERATIONS (SELECT ONE): 
0 MAPPED SEISMIC PARAMETERS, o/og (E.4 .1) S S1 Soo.----
0 SITE-SPECIFIC SPECTRAL RESPONSE ACCELERATIONS (£.4.2); MCE DESIGN REQUIRED? 0 YES 0 NO 
0 OTHER (NON-ASCE) METHODS ___ _ ________ __ 

VERTICAL SEISMIC DESIGN? 0 YES 0 NO; VERTICAL EARTHQUAKE ACCELERATION COEFFICIENT A,. %g: __ _ 
GROUND SNOW LOAD (IF NOT FROM /\SCE 7): kPa (lbf/ft2) 

10. DESIGN WIND SPEED: (SELECT ONE) 0 190 Kmlh (120 mph) 
0 PURCHASER SPECIFIED WIND SPEED (50-YR MIN. 3-SEC. GUSl) Km/h (mp11) 
0 3-SEC. GUST FROM ASCE 7. FIGURE 6·1 Km/h (mph) 

IMPORTANCE FACTOR (IF OTHER fHAN 1.0) ------
EXPOSURE CATEGORY PER ASCE 7---------

11 MAXIMUM HEIGH'I FROM TOP OF SHELL TO TOP OF DOME m (fl) 
12. TANK SHELL THICKNESS (ACTUAL) 

COURSE MINIMUM TYPICAL PLATE 
NUMBER THICKNESS THICKNESS WIDTH 

13. ACTUAL TANK STi ffCNER DETAILS. POSITION AND DIMENSiONS (PROVIDE SKETCH) 
14 GASES EXPECTED IN THE VAPOR SPACE ________ _____________ _ 

15. REQUIRED FREEBOARD ABOVE TOP OF TANK ________ _ _________ mm Qn.) 

16. ACTUAL MINIMUM TANK DIAMETER AT THE TOP OF THE TANK rn (It) 
ACTUAL MAXIMUM TANK DIAMETER /\T THE TOP OF THE TANK m (fl) 

17. ELEVATION OF TOP OF TANK: MAXIMUM MINIMUM 
18. BOTTOM THICKNESS AT THE TANK SHELL mm (in.) 
19. MAXIMUM LIQUID LEVEL m (II} 
20. EXISTING ANCHORAGE DETAILS IF ANY: _____________________ _ 

21. LIST ALL APPURTENANCES. OTHER THAN THOSE TO B£ REMOVED BVTHE PURCI-IASER. AND INDICATE ACTION REQUIRED OF CONTRACTOR 

CONTRACTORACTION 

APPURTENANCE REMOVE ACCOMMODATE 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Figure G-1- Data Sheet for a Structurally-Supported Aluminum Dome Added to an Existing Tank 
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G.1 -4.3 Maintenance and Inspection 

The roof Manufacturer shall provide a maintenance and inspection manual for roof items that may require maintenance. periodic 
inspection. or hoth. 

• G.1.4.4 Jurisdictional Requirements 

The Purchaser is required to provide all applicable jurisdictional requirements that apply to t11r aluminum dome roof (ser 1.3). 1 07 

G.2 Materials 

• G.2.1 GENERAL 

Materials furnished to meet the requirements of this appendix shall he new. A complPte material sprcifiration shall be submitted 
by the roof Manufacturer for approval by the Purchaser. The mateiials shall be compatible with the product specified to be stored 
in the tank and the surrounding environment. No aluminum aJloy with a magnesium content greater than 3% shaJJ be used when 
the maximum design temperature exceeds 65°C (150°F) . Prope11ies and tolerances of aluminum alloys shall confonn to A/umi
rwm Standards and Data. as published by the Aluminum Association (Washington, D.C.). 

G.2.2 STRUCTURAL FRAME 

St111ctural frame members shaJ I be fablicated from 6061-T6 or a recog1tized alloy with properties established by the Aluminum 
Association, lnc. 

G.2.3 ROOF PANELS 

Roof panels shall be fabricated from Series 3000 or 5000 alumlnum witJ1 a minimum nominal thickness of 1.20 mm (0.050 in.). 

• G.2.4 BOLTS AND FASTENERS 

Fasteners shall be of 7075-T73 aluminum. 2024-T4 alLuninum, austeni tic stainless steeL or other materials as agreed to L>y the 
Purchaser. Only stainless steel fasteners shall be used to attach aluminum to steel. 

G.2.5 SEALANT AND GASKET MATERIAL 

G2.5.1 Sea lants shall be silicone or urea urethane compounds that conform to Federal Spec TT-S,Q0230C unless another mate
rial is required for compatibility with stored materials. SeaJat'lts shall remain flexible over a temperature range of -GOQC to 
+ LSO"C {- 80oF ro +300"F) without tearing. cracking, or becoming brittle. ELongation. tensile strenglh. hardness. and adhesion 
shall not change significantly with aging or r.xposure to ozone, ultraviolet light. or vapors fl-om the product stored in the tank. 

G.2.5.2 Prefonned gasket material shall be Neoprene, siUcone. Buna-N. urea urethane, or EPDM elastomer meering ASTM C 
509 or Federal Spec ZZ-R-765C unless another material Is required for compatibiUty with stored materials. 

G.2.6 SKYLIGHT PANELS 

Skylight panels shall be dear acrylic or polycarbonate with a minimum nominaJ thickness of 6 mm (0.25 in.). 

G.3 Allowable Stresses 

G.3.1 ALUMINUM STRUCTURAL MEMBERS 

Aluminum structural members and cOimections shall be designed in accordance with the Aluminum Design Manual. as published 
by the Aluminum Association, Inc. (Washington. D.C.). l'xcep! as mocUfied by U1is appendix. 

G.3.2 ALUMINUM PANELS 

Aluminum panels shall be designed in accordance with SpecilJr;aUons for Aluminum Sheet Metal H0rk in Building Construction. 
as published by the Alwninum Association, lnc. (Washington. D.C.) and this appendix. Attachment fasteners shall not penetrate 
both the panel and the nange of the s1.I1tcturaJ member. 
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G.3.3 BOLTS AND FASTENERS 

G.3.3.1 The maxi!Tium stress in bolts and fasteners for any design condition shall not exceed the allowable stress given in 
os Tables G- la and C-lb. 

08 

Table G-1 a- (SI) Bolts and Fasteners 

Allovvable Tensile Stress~.b Allowable Shear Stressa.b.c 

Materials 

Austenitic stainless steeld 

AustE'r1it ic stainless steele 

2024-14 aluminum 

7075-T73 aluminum 

(MPa) 

172 

234 

J82 

201 

1The root-of-thread area shall be used to cnlculate the streugth of threaded parts. 
bFur seismic loads, these values may be increased by one-third. 

{MPa) 

124 

172 

109 

120 

l'Jf the thread area is completely out of the shear area. the cross-sectional nreil of rhe shank may be used 
to detem1ine the allowable shear load. 
•1For bolls with a rn inirnurn tensile strength of 620 MPa. 
eFor bolts IAiith a minimurn tensile strength of8GO MPa. 
Ffor fasteners not shown, design shall be in accordance with the Aluminum Design Manual. as published by 
the Alurninum Association, Inc. (Washingron. D.C.). 

Table G-1b-(USC) Bolts and Fasteners 

Allowable Tensile Stressa.ll Allowable Shear Stressa.b.t: 

Materials 

Austenitic stainless steelll 

Austenitic stainless steele 

2024-T,I aluminum 

7075-T73 aluminum 

(ksi) 

25.0 

34.0 

26.0 

28.0 

11'fhe root-of-thread area shall be used to c-dlculate the strength of threaded paris. 
°For seismic loads, these values may be increased by one-third. 

(ksl) 

18.0 

25.0 

16.0 

17.0 

fJf the lhread area is completely out of the shear area, the cross-sectional area of the shank may be used 
to determine the allowable shear load. 
dfor bolts with a minimum tensile strength of 90 ksi. 
PfoJ bolts with a minimum tensile strength of 125 ksi. 
'For fasteners not shown, design shall lie in accordance with the Aluminum Design Manual. as published by 
the Aluminum Association, Inc. (Washington, D.C.). 

G.3.3.2 The hole diameter for a fasteuer shall not exceed the diameter of the fastener plus 1.5 mm ( 1 /J ti in.). 

G.4 Design 

G.4.1 DESIGN PRINCIPLES 

G.4.1.1 The roof framing system shall be designed as a three-dimensional space frame or truss with membrane covering (roof 
panels) providing loads along the length of the individual members. The design must consider the increased compression induced 
in the framing members due to the tension In the roof panels. 

G.4.1.2 The actual stresses in t'he framing members and paneJs under all design load conditions shalli.Je less lhan or equal to the 
allowable stresses per the Aluminum Design Manual, as published by the Aluminum Assodation, lnc. (Washington. D.C.). 
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G.4.1.3 fhe allowable general buckling pressure Pa shall equal or e.xceed the maximum pressure given io R.l (e). 

1.6£ JT:). 
P~ = LK(SF) 

(G4.1.3-I) 

E = modulus of elasticity of the dome frame members. 

!, = moment of inertia of frame members for bending in a plane no1 mal to the dome surface, 

A cross-sectional area of frame members, 

f? = spherical radius of U1e dome. 

L = average length of the frame members. 

SF = safety factor= L.65. 

Alternati\'ely. Pc~ShaU br determined by a non-linear finite element analysis with a safety factor of 1.65. 

G.4.1.4 The net tension ring area (exclusive of bolt holes and top flange protrusions) shall not be less than: 

A = rJ p 
n 8F, tan9 

(G.4.1.4-1) 

where 

A" net area of tension ling, 

D = nominal tank diameter. 

p = maximuro pressure given in R 1 (e) , 

9 = lf2 the central angle of !he dome or roof slope at the tank shell, 

F, least allowable stress for components of the tension ring. 

Note: Thi~ rormu l:~ cloM no I inrlurlP bending stresses due to loads from lhP panel attached lo I he beam. rhese stresses must <tlso be considered in 
the tension ring design per G.3.1. 

G.4.2 DESIGN LOADS 

G.4.2.1 Loads on Dome Roofs 

Dome roofs shall be de~igned for: 

a. the load~ in 5.2. 1. 

b. the load combinations in Appendix R.l{a). (b). (c). (e). and (f). 

G.4.2.2 Seismic Load 

If the tank is designed for seismic loads, the roof shall be designed for: 

a. a horizomal seismic force F1, = Aiiti'r· 
b. a vt>rticaJ seismic force F"= ± AvWr 

O!l 
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where A;, A1, am1 Wr are as defined in Appendix E. Forces shall be uniformly applied over the surface of the roof. Horizontal and 
vertical forces need not be applied simultaneously 

G.4.2.3 Panel Loads 

G.4.2.3.1 Roof panels shall be of one-piece aluminum sheet (except for skylights as allowed by C.8.4). The roof shall be 
O!J designed to support a uniform load of 3 kPa (60 lbf/fr 2) over the full area of !.he panel. 

G.4.2.3.2 The roof shall be designed to support two concentrated loarls 11 00 N (250 lbf). each distributed over two separate 
0.1 m2 (1 ft2) areas of any panel. 

G.4.2.3.3 The loads specified ln G.4.2.3.1 and G.4.2 .. 3.2 shall not be apptled simultaneously or in combination with any other 
loads. 

• G.4.3 INTERNAL PRESSURE 

Unless otherwise specified by U1e Purchaser, the internal design pressure shall not exceed ilie weight of ilie roof. Jn no c<lse shall 
u I the intemal ciesign pressure exceed 2.2 kPa (9 in. of water) water column. When U1e design pressure, Pm~x- for a tank wid1 an alu

mlnum dome roof is being calculated. the weight of the roof. including structure. slmll be used for the DI.R te1m in F.4.2. 

G.5 Roof Attachment 

G.5.1 LOAD TRANSFER 

Sn uctural supports for the roof shall be bolted or welded to the tank. To preclude overloading of the shell. the number of attach
ment points shall be determined by the roof Manufacturer in consultation with the tank Manufacturer. The attachment detail shall 
be suitable to transfer all roof loads to the tank shell and keep local stresses within allowable limits. 

G.5.2 ROOF SUPPORTS 

G.5.2.1 S liding Supports 

The roof altachment points may incorporate a slide bearing wltll low-friction bearing pads to minimize the horizontal radial 
forces trunsferred to the tank The primary horizontal thrust transferred from the dome shall be resisted by an integral tension 
ring. 

11 G.5.2.2 Fixed Supports 

The roof may have fixed supports attached directly to tile tank, and tlte top of tile tank shall be analyzed and designed to sustain 
the horizontal thrust transferred fi·om t.he roof, inchJding that from differential thermal expansion and contraction. For roofs with 
fixed supports on a new tank. the maximun1 acceptable radial tank deflections at the top of the tank shaJJ be coordinated between 
the tank Manufacturer and roof manufacturer. For roofs with fixed supports on an existing tank. the maxJmum acceptablr radial 
tank deflections at the top of the tank shall be coordinated between the Purchaser and roof manufacturer. 

• G.5.3 SEPARATION OF CARBON STEEL AND ALUMINUM 

Unless another method is specified by the Purchaser, aluminum shall be isolated from carbon steel by an austenitic stainless steel 
spacer or an elaswmeric isolator bea1ing pad. 

G.5.4 ELECTRICAL GROUNDING 

The alum inum dome roof shall be elechicaJly inLerconnected with and bonded to the steel tank shell or rim. As a minirnwn , stain· 
less steel cable conductors 3 rnm (1/s in.) in diameter shall be installed at every dlird support point. The choice of cable shall take 
into account sb·engili, corrosion resistance, conductivity. joint reliability. flexibility. and service life. 

G.G Physical Characteristics 

G.6.1 SIZES 

An aluminum dome roof may be used on any size tank erected in accordance with tltis Standard. 
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• G.6.Z DOME RADIUS 

The maximum dome radius shall be 1.2 times the diameter of the tank. The minimum dome radius shall be 0.7 times the diameter 
of the tank unless otherwise specified by the Purchaser. 

• G. 7 Platforms, Walkways, and Handrails 
Platforms, walkways. and handrails shall conform to 5.8.10 except that the maximum concentrated load on walkways or stair- In 
ways supported by the roof structure shall be 4450 N (1000 IIJJ). When walkways are spedfietl to go across the exreriot of the roof 
(to the apex, for example) , stairways shall be provided on portions of walkways whose slope is greater U~an 20 degrees. Walkways 
and stairways may be curved or straight segments. 

G.8 Appurtenances 

G.8.1 ROOF HATCHES 

If roof hatcl1es arf' required, each hatch shaJl be furnished with a curb 100 mm (4 in.) or higher and a positive latching device lo 
hold the hatch in the open position. The mioimu:m size of openh1g shall not be less than 600 mm {24 in.) . The axis of the opening 
may be perpendicular to the slope of the roof. but the rninimum clearance pn~ected on a horizontal plane shall be 500 mm 
(20 in.) . 

G.8.2 ROOF NOZZLES AND GAUGE HATCHES 

Roof nozzlt>.s and gauge hatches shaU be flanged at the base and bolted to the roof panels with an aluminum reinforcing plate on 
the underside of the panels. The axis of a nozzle or gauge hatch shall be venitaJ. Jf dle nozzle is used for venting purposes. it shall 
not projf'ct below the underside of Lhe roof panel. Aluminum or stainless steel flanges may be bolted directly to the roof panel. 
wi th the joint caulked with sealant. Steel flanges shall be separaied from the alw11inum panel by a gasket (see Figure G·2 for a 
typical nozzle detail) . 

• G.8.3 SKYLIGHTS 

G.8.3.1 If skylights are specified by the Purchaser. each skylight sha ll be furnished with a curb I 00 mm (4 in.) or· higher 
and shall be designed for (he live and wind loads specified in G.4.2.5. The Purchaser shall specify the total sl\ylight area to be 
provided. 

Figure G·2-Typical Roof Nozzle 

I or 



G-R API STANDARD 650 

G.8.3.2 When skylights are specified for tanks wilhout floating roofs or for floating roof tanks which are sealed and gas-blan
keted (not provided with circulation venting per H.5.2.2.1 and H.5.2.2.2). the Purchaser shall consider skylight material cornpati
bil ity with exposure to elevated concentrations of the stored product. 

• G.9 Sealing at the Shell 

TI1e roof need not be sealed to the tank shell unless spedfied by the Purchaser or required to contain intemal pressure. The bottom of 
d1e flashing shall extend at least 50 mrn (2 in.) below the top of the tank. Corrosion-resistant coarse-mesh screen (13 nun [!/~ in.] 
ope11ings) shall be provided to prevent the entrance of birds. 

G.10 Testing 

G.10. 1 LEAK TESTING 

• G.10.1.1 After completion. the roof seams shall be leak tested by spraying the outside of the seams with water from a hose with 
a minimum static head pressure 350 kPa (50 Jbf/in.2) gauge at the nozzle. Because of possible corrosive effects, consideration 
shall be given to the quality of the water used aml the duration of the lest. Potable water sha.U be used unless otherwise specified. 
The water shall nol be sprayed directly on roof ven!s. Any water on the inside of the roof shall constitute evidence of leakage. 

• G.10.1.2 Where gas-tight roofs arf' requimcl. leak tesling may be accomplished in accordance with fl.4A or F.7.6 or by another 
means acceptable to the roof Ma11ufacturer and the Purchaser. 

G. 1 0.1 .3 Any leaks discovered during testing shall be sealed. and the roof shall be retested unW aiiJeal\5 are sealed. 

G.11 Fabrication and Erection 

G.11.1 GENERAL 

The dome contractor shall perfonn the work described in this appendix using qualified supervisors who are skilled and experi
enced in the fabrication and erection of aluminum structures. 

G.11 .2 FABRICATION 

AJJ roof parts shall be prefabricated for field assembly. Fabrication procedures shall be in accordance wiU1 Section 6 of d1e Alumi
nwn Design Manual. All structura l shapes used to make the roof shall be punched or drilled before any shop coating is applied. 

• G.11.3 WELDING 

The design and fabrication of welded aluminum parts shal l be in accordance with the Aluminum De.sig!l Manual: Specifications 
for Aluminum Structures and AWS D1.2. All aluminum sh11ctural welds and components joined by welding shall be visually 
inspecl'ed and tested by dye-penetrant examination in accordance with Seclion 5. Part D, of AWS D t .2. All structural welding of 
aluminum shall be performed before the dome is erected in the field. A full set of satisfactory examination records shall be deliv
ered to the owner before fleld erection. 

G. 11 .4 SHIPPING AND HANDLING 

Materials shall be handled, shipped, and stored in a manner that does not dan1age tl1e surface of aluminum or the surface coating 
of sreel. 

G.11.5 ERECTION 

The erection supervisor shall be experienced in the construction of aluminum dome roofs and shall follow the Manufacturer's 
instructions and drawings fumished for that purpose. 

G.11.6 WORKMANSHIP 

To minimjze internal stresses on the structure when fasteners are tightened, the roof shall be installed on supports t·hat are in good 
horizontal alignment. The components of the structure shall be erected wid1 precise flt and alignment. Field cutting and trimming, 
relocation of holes. or the application of force to d1e parts to achieve fit-up is not acceptable. 



APPENDIX H-INTERNAL FLOATING ROOFS 

H.1 Scope 

• H.1.1 This appendix provides minimum requirements that apply to a tank with an internal floating roof and a fixed roof at 
the top of the tank 5hell. and to the tank appurtenances. This appendix is intended to limit only those factors that affect the 
safety and durability of the installation and that are considered to be consistent with the quality and safety requirements of 
this Standard. Types of internal floating roofs (listed under H.2) and materials (listed under 11,3) are provided as a basic 
guide aod shall not be considered to restricl the Purchaser option of employing other commonly accf'pted or alternative 
designs, as long as all design loading is documented to meet the minimum requirements herein. and all other nile1ia are 
met (except alternative materials and thicknesses as permitted by H.3.1). The requirements apply 10 the internal floating 
roof of a new tank and may be applied to an existing flxed-roof tank. Secrion 5.l0 of this Standard is applicable. excepl as 
modified in this appendix, 

• H.1.2 The Purchaser is requjred to provide all applicable jurisdictional requirements that apply to internal floating roofs (see 1.3). 

• H.1 .3 See Appendix W for bid requirements pertaining to intemal floating roofs. 

H.2 Types of Internal Floating Roofs 

H.2.1 The interual floating roof type shall be selected by the Purchaser after consideration of both proposed and future product 
service. operating conditions. maintenance requirements, regulatory compliance, service life expectancy. ambient temperature. 
maximum design temperature. product vapor pressure. corrosion conditions and other compatibility factors. Other operatiqg con
ditions requirlng consideration Include (but are not limited to) anticipated pumping rates, rooflanding cycles. and the potential for 
!urbu.lence resulting from upsets. such as vapor slugs injected into the tank. Safety and risk factors associated with the roof types 
shall also be evaluated24. The type of roof, which shalJ be designated by the Purchaser on the Data Sheet, Line 30. shall be one of 
the types described in I 1.2.2. 

H.2.2 The following types of internal floating roofs are described in this appendix: 

a. Metallic pan internal noating roofs25,26.27 h~ve a peripheral rim above the liquid for buoyancy. These roofs are in full contact 
with the liquid surface and are typicaUy constructed of steel. 

b. Meta.llic open-top bulk-headed intemal Jloating roofs26,27 have peripheral open-top bulk-hP.aded compartmeuts for buoyancy. 
Distiibuted open-top bulk-headed compartments shall be used as required. These roofs are in fuJJ contac( with the liquid surface 
and are typically constructed of steel. 

c. Metallic pontoon internal floating roofs have peripheral closed-top bulk-headed compartments for buoyancy. Distributed 
closed-top hulk-headed compartments shall be used as required. These roofs are in full contact wHit the liquid surface and are typ
ically constructed of steel. 

d. Metallic double-deck infernal floating roofs have continuous closed top and bottom decks. which contain bulk-headed com
partnlPnts for buoyancy. These roofs are in full contact with the liquid surface and are typically constructed of steel. 

e. Metallic internal floating roofs on 11oats have their deck above t.l1e liquid, supported by closed pontoon compartments for 
buoyancy_ Tht>se roof decks are not in full contact with the liquid SUiface and are typically constructed of aluminum alloys or 
stainless steel. 

24Imemal Aoating roof tanks generally have reduced fire risk. and the use of fixed fire suppression systems is often not mandatory. Various inter
nal floating roof materials will have, unique nammability characteristics. melting points and weights (perhaps wflh reduced buoyancy l.Jeing 
required). rr fire suppression systems are used, certain roof types need to be evaluated for full surface protection. NFPA 11 St;wlard lor Low
Exp;wsion Foam can provide guidance for this evaluation, 

07 

25The Purchaser is cautioned that Utis design does not have multiple flotation compartments necessary to meel the requirements of H .4.2.1.3. 
LGThese designs contain no closed buoyancy compartments, and are subject to flooding during sloshing or during application of fire-flghtiJ1g 
foam/water solution. Also, without bracing of the rim being provided by the pontoon top plate, design to resist buckling oft he rim must be 
evaluated. 07 
27Jf the floating roof is a) a metallic pan roof with or without bulkheads, or b) a non-metallic roof with or wilhout closed buoyancy compart
ments, then U1e tank is considered a fixed-roof wnk (i.e,, having no inrernal floating roof) for lhf' requirements of NFPA 30. See NFPA 30 for 
spacing restrictions on floating roof tanks. 

H-1 
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r 
f. Metallic sandwich-panel/composite internal floating roofs have metallic or composite material panel modules for buoyancy 
compartments. Panel modules may include a honeycomb or closed cell foam core; however. cell walls within the panel module 

07 are not considered "compartments" for purposes of inspection and design buoyancy requirements (see H.4 .I. 7 and H .4 .2.1) 2R. 

These roofs are in f~ ll contact· with the liquid sutface and are typically constructed of aluminum alloys or Purchaser approved 
cou1posite materials. 27 

• g. Hyi.Jrld Internal floaling roofs shall, upo11 agreement between the Purchaser and the Manufacturer. be a design combination of 
roof types described in H.2.2.b and H.2.2 .c, having bulkhead compartments with closed-top pelimeter pontoon and open-top ren
ter compartments for buoyancy. These roofs are in full contact 'v\rith the liquid surface and are typically constructed of steel. 

07 1• h. Other roof materials or designs if specified and described in detail by the Purchaser on the Data Sheet 

• H.3 Material 

H.3.1 SELECTION 

Internal floating roof materials shall be selected by the Purchaser after consideration of items listed under H.2, 1. The Manufac
turer shall submit a complete material specification in his proposal. The choice of materia ls should be governed by compatibility 
with the specified liquid. Matetial produced to specifications other than those listed in tl1is appendix (alternative materials) may 
be used. Material shall be certified to meet all the requirements of a material specification listed in this appendix. and approved by 
the Purchaser or shall conip.ly witb requirements as specified by the Purchaser. When specified by the Purchaser, a corrosion 
allowance shall be added LO the minimum nominal thickness indjcated below. The "nominaJ thickness" is the purchased thickness 
with allowance for the permissible mill tolerance. 

H.3.2 STEEL 

osl Steel shall conform to the requirements of Section 4 of this Standard. Steel in contact with vapor or liquid shall be 4.8 mm (3/10 in.) 
minimum nominal thickness. Other steel shall be 2.5 mm (0.094 in.) minimum nominal thickness. 

H.3.3 ALUMINUM 

Aluminum shall conform to tl1e requirements of Apendix AL. Alumioum skin shall be 0.50 mm (0.020 in.) mjnimum nominal 
thickness. Aluminum floa ts shall be 1.2 mrn (0.050 in.) minintUHJ nominal thickness. For a sandwich panel flotation unil. core 
material shall be at least 25 mm (l.O in.) thick, and metall ic skin (except carbon steel) shall be 0.41 mm (0.016 irl.) minimum 
r1omlnal thickness. 

H.3.4 STAINLESS STEEL 

Stainless steel shall confonn to the requirements of ASTM A 240/A 240M (austenitic: type only) . Stainless steel skin shall be 
0.46 mm (0.0 J 8 in.) minimum nominal thickness. Stainless steel floats shall be 1.2 mm (0.048 in,) minimum nominal thickness. 

H.4 Requirements for All Types 

H.4.1 GENERAL 

H.4.1.1 An internal floating roof and its accessories shall be designed and constructed to allow the roof to operate rhroughout 
its nomml travel without manual attention and without damage to any part of the fixed roof, the internal floating roof. internal 
floating roof seals (except for normal wear) , the tank. or their appurtenances. The internal tloating roof and seals shall be designed 
to operate in a tank consn·ucted within the dimensional limits defined in 7.5 of this Standard. 

H.4.1.2 The intemaJ floating roof shall be clesigned and built to float and rest in a uniform horizontal plane (no drainage slope 
requjred). 

H.4.1 .3 All seams in the internal floating roof that are exposed to product vapor or liquid shall be vapor-tight in accordance 
with H.4.3.1. 

28A single inspection npening per panel module is permitted. regardless of core material: however, core materials producing enclosed spaces 
within a module may result in undetectable combustible gas ln areas isolated from the inspection opening. Design buoyancy shall be based on 
the loss of any two fu ll panel modules (not cells within modules). 
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H.4.1 .4 A vapor-tight rim (or skirt) , extending at least 150 mm (6 in.) above the liquid at the desjgn flotation level. shall be pro
vided around both the internal floating roof periphery aod around all internal floating roof penetrations (columns. ladders, stilling 
wells. manways, open deck drains and other roof openings) except for drains designed to avoid product back11ow onto the roof. 

H.4.1 .5 The non-contact type (see H.2.2e) internal floating roof shall have a vapor-tight rim (or skirt). extending at least 
LOO mm (~in.) into the liquid at the design flotation level. around bolh the internal floating roof periphery and around all internal 
floating roof penetratjons (columns, ladders. stilling wells. manways, open deck drains and other roof openings). with I he excep
tion of penetrations for pressure-vacuum (bleeder) vents (per H.5.2.1) . 

• H.4.1.6 All conductive parts of the i.nternal floating roof shall be eleciJically interconnected and bonded to thf' ouler tauk struc
lure. This shall be accomplished by electric bonding shunts in the seal area (a mini mum of four. unifom1ly distributed) or Oexible 
multi-strand cables from the exiernal tank roof to the intemal floating roof (a minimum of two. uniformly distributed). The choice 
of bonding devices shall be specified by tJ1e Purchaser on the Data Sheet, Line 32. considering strength. corrosion resistance. joint 
reliability. fl exibility. and service life. All movable cover accessories (hatches, manholes. pressure relief devices. and other open
ings) on the internal floating roof shall be electrically bonded to tJ1e internal floating roof to prevent static electricity sparking 
when they are opened. 

• H.4.1. 7 Each closed flotation compartment shall be capable of being field-inspected for the presence of combustible gas. 
lnspeclion openings shall be located above the liquicllf'vel ami closed compartments shall be capable of being resealed in the field 
after periodic inspection (to prevent liqujd or vapor entry). Closed-top compartments (types H.2.2c. d, and g) shall be accessible 
from the top of the internal floating roof and provided with a secured and gasketed manhole for visual internal inspection and the 
manhole cover shr11l be provided with a suilable vent. The top edge of the manbole shall extend a minimum of 25 rnm (l in.) 
above the top of the pontoon rim/skirt. With agreement by the Purchaser. type H.2.2c, d. and g floating roofs 6 m (20 ft) in diam
eter or less may be provided With an inspection pori in place of a manhole. The inspection ports must meet the sealing. securing 
and extension requirements listed here for manholes in internal floating roof closed compartments. 

• H.4.1.8 All closed flotation compartments shall be seal welded to prevent Uquid or vapor entry. unless otherwise specified by 
the Purchaser. For pontoon. doublf'-deck and IJyi.Jrid intemal floatiog roof:; (Lypes H.2.2c. d. a11d g). t"ach bulkJ1ead in a dosed flo
tation compartment shalJ also be provided with a continuous seal weld all around so that the bulkhead is Liquid and vapot-light. 

• H.4.1.9 For metallic/composite sandwich-panel roofs (type H.2.2f) , if t11e use of adhesives is allowed by the Purchaser (per 
H.4.3.4) to seal the flolation panels (in lieu of welding) , all exposed adhesives shall be compatible with the product service and 
flotation test water (Purchaser shaJI consider future product service. the hydrostatic test condWon. and design condition changes 
to specify adhesive compatibWty.) 

• H.4.1.10 Wlten specified by the Purchaser for deck surfaces above t.he llqujd level, deck drains shall be provided to retum any 
spillage or condensate to the product. Such drains shall close automatically or extend af least 100 mm (4 in.) into the product to 
minimize vapor loss. 

H.4.1.11 Internal floating roofs classified as full-contact types (see 1-1.2.2) shall be designed to minimize n·apped vapor space 
beneath the intemal floating roof. 

H.4.2 INTERNAL FLOATING ROOF DESIGN 

H.4.2.1 13uoyancy Requirements 

• H.4.2.1 .1 All irlternal floating roof design calculations shaU be based on the lower of the product specific gravity or 0.7 (to 
allow for operation in a range of hydrocarbon service), regardless of any hjgher specific gravity that might be specified by the 
Purchaser. 

H.4.2.1.2 All intemal floating roofs shall include buoyancy required to support at least twice its dead weight (including the 

07 

weight of the flotation compartments. seaJ and all other floating roof and attached components) . plus additional buoyancy lo off- 07 
set the calculated friction exerted by peripheral and penetration seals during filling. 

• H.4.2.1.3 AU imemal f1oar.ing roofs with multiple flotation compartments shall be capable of floating without additional rlam
agf' after any two compartments are punctured and flooded. Designs which employ an open center deck in contact with the It qu id 
(types H.2.2b, c, a11Cl g) shall be capable of floating without additional damagP afler any two compartments and the center deck 
are punctured and flooded. With agreement by t11e Purchaser, any noating roof 6 rn (20 fl) jn diameter or less with multiple flota
t1on comparrments may be designed to be capable of floating witJ1out additional damage after any one compartment is punctured 
and flooded. 
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H.4.2 .1.4 Jhe internal floating roof shall be designed to meet the requirements of H.4.2.1.3 and to safely support at least two 
men walking anywhere on U1e roof whi le it is floating without damaging the f1oaling roof and without allowing product on thP 
roof. One applied load of 2.2 kN (500 lbf) over 0.1 m2 (l fl2} applied anywhere on the roof addresses rwo men walking. Wll.h 
agreement by the Purchaser, the concentrated load design criteria may be modified for roofs less Lhan 9 m (30 fl) diameter (where 
internal floating roofs may become unstable). to account for access needs. and expected concentrated Jive loads. 

H.4.2 .2 Internal Floating Roof Support Design Loads 

H.4.2.2.1 lnter11al floating roof supports and deck sb<tctural attachments (such as reinforcing pacls and pontoon end gussets) 
ll shall be designed to support the load combinations listed in H.4.2.2.2 without exceeding allowable stresses. Consideration shall 

also be made for non.uniform support settlement or other non-uniform load distribution, based on anticipated conditions speci
fied by the Purchaser. Application of non-uniform loads is by agreement between the Purchaser and Manufacturer. 

H.4.2.2.2 Load Combination for Floating Roof Supports 

Floating roof support loading (legs or cables) shall be as fol lows: 

Dr+ (U1e greater of) P,i! or Lil or L12 

wl1ere 

Dr "" dead load of internal floating roof. including the weight of the notation compartments. seal and all other 11oating 
os roof and attached components, 

L;t jnternal floating roof uniform live load (0.6 kPa [12.5 lbffft21 if not automatic drains are provided. 0.24 kPa LS lbffft21 if 
automatic drains are provided), 

L12 = internal floating roof point Joad of at least two men walking anywhere on the roof. One applied load of 2.2 kN 

1500 lbf] over 0. I m2 I J ft~ l applied anywhere on the roof addresses two men walking, 

P1;. = internal noating roof design external pressure (0.24 kPa l51bf/ft2] minimum). 

Note: With agreement by the Purchaser. Lrt. may be modified for roofs IE>ss than 9 m (30 ft) diameter (where internal floating roofs may be come 
unslable). to account for access needs, and expected concentrated live loads. 

H.4.2.2.3 The allowable load on support cables shall be detem1ined using a factor of safety of 5 on the ultimate strength of 
cables and their connections. Cables and iliek connections shall be de designed for the load combination listed in H.4.2.2.2. 

H.4.2.3 Other Design Requirements 

H.4.2.3.1 AJuminum load carrying members. assernblies and connections shall comply with the design requirements of the lal
est edition oflhe Aluminum Design Manual. 

H.4.2.3.2 Steel structural components shall be proportioned so that the maximum stresses shall not exceed the limitations spec-
07 ified in the latest edition of the Manual of Steel Constmccion. Alfowabfe Stress Desjgn, as published by the American Institute of 

Steel Construction (Chicago. fL) . For other steel components, ilie allowable stress and stability requirements shall be joinUy 
established by the Purchaser and the Manufacturer, as part of the inquiry. Alternatively, a proof test (simulating the conditions of 
H.4.2) may be pe1forrned on the roof or on one of similar design. 

H.4.3 JOINT DESIGN 

H.4.3.1 All seams ln the floating roof exposed directly to product vapor or liquid shall be welded. bolted. screwed. riveted. 
clrunped, or sealed and checked for vapor-tightness per H.6.2. 

H.4.3.2 Welded joints between stainless steel members and welded joints between carbon steel members shall conform to 5.1 
os l of this Standard. Welde-d joints between aluminum members shall conform to AL.S.l. 

H.4.3.2.1 Single-welded butt joints without backing are acceptable for notation units where one side is inaccessible. 

os l H.4.3.2.2 The thickness of fi llet welds on material less than 4.8 rnm (3/1s in.) thick shall not be less than that of the. thinner 
01 member of the jolnt. 

• H.4.3.3 Bolted. threaded. and riveted joints are acceptable when mutually agreed upon by U1e Purchaser and the Manufacturer. 
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• H.4.3.3.1 Only austenitic type stainless steel hardware shall be used to join aluminum and/or stainless steel components to each 
other or to carbon steel. Where acceptable to the Purchaser and U1e Manufacturer, aluminum hardware may be used to join aluminum 
components. Aluminum shall be isolated from carbon steel by an austenitic stainless steel spacer, an elastomeric pad, or equivalent 
protection. The use of plated fasteners shall be permitted only when connecting steel components. if specified by the Purchaser. 

• H.4.3.4 Use of any joint sealing compound, insulating mate1ial, polymer. elastomer or adhesive must he pre-approved by U1e 
Purchaser. The joining procedure along with test results demonstrating the properties required by this paragraph shall be 
described completely. Where such joints are permitted, any johH sealing compound, insulating material. elastomeric or adhesive 
shall be compatible with the product stored. specified service conditions, and with materials joined. Resulting joints shal l be 
equivalent in serviceability (with the basic floating roof components). of a size and strength that will accept the roof design loads 
without failure or leakage, and shall have an expected life equal to the service life of the roof. Any non-metallic component shall 
be selected and fabricated to prrclude absorption (under design conditions specified and penni !led by this Standard) of hyrlrocar
bons, hydro-test water and specified producr to be stored. 

• H.4.3.5 [f specified by the Purchaser. all steeJ plate seams exposed to the product liquid or vapor shall be seal welded (for cor
rosive service conditions). 

H.4.4 PERIPHERAL SEALS 

07 

Data Sheet. Line 31. FloaOng roof primary and secondary peripheral seal types and configuraUons shall be provided as specifil?d 07 
• In addition to the required f1oating roof primary peripheral seal, secondary-peripheral seals shall be provided if specified on the I 

on the Data Sheet. Line 31. 

H.4.4.1 A peripheral seal (also referred to as "rim seal") that spans the annular space between the internal tloating t•oof deck 
and the shell shall be provided. When an internal floating roof has two such devices. one mounted above the other. the lower is the 
primary peripheral seaJ and the upper is the secondary peripheral seal, When 1l1ere is only one such deVice. It is a primary pe1iph
eral seal, regardless of its mounting position. 

• H.4.4.2 The peripheral seal type and material shall be selected by the Purchaser after consideration of both proposed and future 
product service. tank shell construction/condition. maintenance requirements, regulatory compliance. service Ufe expectancy, 
ambient temperature. design metal temperature, maximum design temperature, permeabiHty. abrasion resistance, discoloration, 
aging, embri ttlement, flammability, and other compatibility factors. The various seal types (listed 1-1.4.4.4) Will have variable life 
expectancy and service limitations. 

The following non-mandatory table provides guidance on frequently used materials for selected products. Each material must be 
evaluated for the specific product and temperature. 

Fluid Stored Seal Materjal 

Crude oil Fluoropolymers. urelhane. nitrile 

Refined products Fluoropolymers, urethane. urelhane laminate, 
fluoroelastomers, or Buna-N-Vinyl 

Gasoline/MTBE blend Fluoropolymers or nitJile 

H.4.4.3 All peripheral seals and lheir attachment to the floating roof shall be designed to accommodate± 100 rnm (:r4 in.) of 
local deviation between the floating roof and the shrll. 

07 

H.4.4.4 Types of Primary Seals 1 07 

a. Liquid-mounted rim seal: Means a resilient foam-fi lled or Liquid-filled primary rim seal mounted in a position resulting In the 
bottom of t11e seal being normally in contact wit11 t11e stored liquid surface. This seal may be a nexible foam (such as polyuretJ1ane 
foam in accordance wid1 ASTM D 3453) or liquid contained in a coated fabric envelope. Circumferential joints on liquid
mowlted peripheral seals shall be liquid-tight and shall ovedap at least 75 mm (3 in.). The material and thickness of the envelope 
fabric shall be determined after the factors given in H.4.4.2 are consideted. 

b. Vapor-mounted rim seal: Means a peripheral seal positioned such that it does not nonnally contact the surface of tl1e stored Liq- I 
uid. Vapor-mounted peripheral seals may include, but are not limited to. resilient-filled seals (similar in design to liquid-mounted 07 
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rim seals per H.4.4.4a) . and flexible-wiper seals. Flexible-wiper seal means a rim seal utlUzing a blade or tip of a flexible material 
(such as extruded rubber or synthetic rubber) with or without a reinforcing cloth or mesh. 

c. Mechan.ic.al shoe (metallic shoe): Means a peripheral seal that utilizes a light-gauge metallic band as the sliding corltact with 
the shell and a fabric seal to dose t·he a11nular space between the metallic band and the rim of the floating roof deck. The band is 
typically formed as a series of sheets (shoes) that are overlapped or joined together to form a ring and held against the shell by a 
series of mechanical devices. 

Galvanized shoes shall conform to ASTM A 924 and shall have a minimum nominal thickness of 1.5 mm (16 gauge) and a G90 
coating. Stainless steel shoes shall conform to H.3.3. and shall have a minimum nominal thickness of 1.2 mm (18 gauge). Por 
internal floating roofs the primary shoes shall extend at least 150 mm (6 in.) above and at least 100 mm (4 in.) into the liquid at the 
design noration level. If necessary, bottom shell course accessories (e.g .. side mixers) and other assemblies shal l be modified or 
relocated to eliminate interference between lower portions of metallic seal assemblies. 

• Unless specified otherwise by the Purchaser, the seal shoe and compression mechanism shall be installed before hydrostatic 

I testing. lt may be necessary to remove the seal shoe aftet the hydro-test to accommodate cleaning, application of interior lin-
11 ings, or any -;ituation where the installed shoe might interfere with the process. The fabric seal may be installed after the 

07 

07 

hydrostatic testing. 

H.4.4.5 The specific requirements for all floating roof peripheral seals are: 

I. All fastenel's anrl washers for installation of seal joints, including fabric seal joints. shall be austenitic stainless steel. (See 
restrictions on contact between galvanizing and stainless steel in S.2. L3.) 

2. The seals shall be designed for a temperature range extending from design metal temperature Jess goc (15°F) m tile maxi
mum operating temperature. 

3. Lengths of seal sections shall be as long as pradical. No holes or openings shal l be permitted in the completed seal. The 
seal material rnay be fablicated in sections resulting in seams. but any such seam shall be joined or otherwise held tightly 
together along the entire searn. For peripheral seals that use a fabric material to effect the seal. the requ·irement in the preceding 
sentence applies only to the fabric and not to any support devises. An adequate bur minimum number of expansion joints shall 
be provided. 

4. Provisions <;hall be made to prevent damage to the seal due to any overflow openings in ti1e shelL 

S. Rough spots on the shell that could damage tile seal assembly shall be grow1d smooth. See H.G.l. 

6. All metallit components shall be electrically bonded. See H.4.1.6 or C.3.1.6 for electrical bonding requirements. 

H.4.4.6 If wax scrapers are specified on the Data Sheet, Line 31. they shall be located such that the scraping action occurs 
below the liquid surface. Design of wax scrapers shall not lnterfere with bottom shell course accessories. 

H.4.5 ROOF PENETRATIONS 

Columns. ladders, and other rigid vertical appurtenances ti1at penetmte the deck shall be provided with a seal that will permit a 
local deviation of s 125 mm (:t5 in.) . Appurtenances shall be plumb within a tolerance of± 75 mm (±3 in.). 

H.4.6 ROOF SUPPORTS 

• H.4.6.1 The floating roof shall be provided with adjustable supports. unless the Purchaser specifies fixed supports. 

• H.4.6.2 Unless specified otherwise, the height of the noating roof shall be adjustable to two positions witll the tank in service. 
The design of the supports shall prevent damage to the fixed roof and noating roof when the tank is in an overflow condition. 

• H.4.6.3 The Purchaser shall specU)' clearance requirements to estahlish the low (operating) and high (maintenance) levels of 
the roof supports. The low roof position shall be the lowest permitted by the internal components of the lank including shell noz
zles with internal projections. If specified. a single position support height shall be based on ~1e Purchaser-specified clearance 
diml:'nsion. The Purchaser shall provide data to enable the Manufacturer to ensure that all tank appurtenances (such as mixers, 
interior piping. and fill nozzles) are cleared by the roof in Its lowest position. In addition to fitting elevations, such data shall 
include minimum mixer operation level and low level alarm setlings (if applicable) . lf not specified otherWise by the Purchaser. 
the following apply: 
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H.4.6.3.1 The high roof position shaU provide a 2-m (78-in.) minimum clearance throughout the bollom. between the roof and 
the tank bottom. 

H.4.6.3.2 Where propeller-type mixers arf' used. the support legs shall provide a minimum clearance of 75 mm (3 in.) from the 
underside of the internal floating roof (or roof notch) to the tip of the mixer propeller. 

H.4.6.4 Support attachments in the deck area sball be designed to prevent failure at the poim or attachment. On the bottom of 
the steel welded deck plates (used on types H.2.2a, b, c, d. and g), where flexure is anticipated adjacent to supports or other rela
tively rigid members, full -fillet welds not less lhan 50 rnm (2 in.) long on 250 mm (10 in.) centers shall be used on any plate laps 
that occur within 300 mm ( 12 in.) of any such support or member. 

• H.4.6.5 Supports shall be fabricated from pipe, unless caule or another type is specified on lhe Data Sheet. Line 34 and 
approved by the Purc:haser. Supports fabricated from pipe shall be notched or otherwise constructed at the bottom to provide com-
plete liquid drainage. Cable supports shall be adjustable external ly and shall not have an open penetration at ihe floating roof sur
face. Fixed roofs shall be designed or verified suitable for cable support loads. when used, per agreement between the Purchaser 
and tank/roof Manufacturers. 

• H.4.6.6 Steel pads or orher means shall be used to distribute the loads on the bottom of r.he rank and provide a wear surface. 
Wirh the Purchaser's approval , pads may be omitted if the tank bottom will support the live load plus the dead load of the floating 
roof. If pads are used, they shall be continuously welded to the tank bottom. 

• H.4.6. 7 Aluminum supports shall be isolated froi"n Cat'bon steel by an austenitic stainless steel spacer. an elastomeric bearing 
pad. or equivalent protection. unless specified othen.vise by rhe Purchaser. 

07 
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• H.4.6.8 Special protective measures (corrosion allowancr. material selection. linings) are to be evaluated for supports that 1u 
interface with stratified product bottoms. which may include corrosjve contaminant combjnations nol found in the normal prod-
uct. The Purchaser shall specify jf any protective measures are required. 

• H.4.6.9 For tanks with intemallinlngs. the Purchaser shall specify on Line 23 of the Data Sheet any special requirements for 11 

minimizing corrosion where the leg contacts the tank bottom. such as a flat plate or bull nose on the leg ba'>e, a thick<>r base plate, 
or other means. 

H.4.6.10 Consideration shall be given to the use of fixed supports for the operating position (low level) of internal floating 
roofs, which utilize cable supports suspended from a fixed rooL These supports are typically not adjustable, are sealed to prevent 
emissions. and are for the operating position (low level) set at a level as specifled by the Purchaser. The use of fixed supports for 
the low level position are intended to reduce the frequency of fLXed roof loading. The operating position (low level) and length of 
the cables shall be such that sinking and/or collapse of the- internal floating roof will not apply loads to the support cables 

H.4.6.11 lf cable supports are used. lhe supports shall be adjustable from the flxed roof while the floating roof is floating and 
with the cables unloaded. 

H.4.6.12 Cables. cable segments, or cable connections which support the floating roof are prohibited from using a fusible link 
or other devices which are designed to fail at a specified load limiL 

H.4.6.13 Cable!> used to support internal floating roofs shall be 300 series stainless sleet and shall be flexible to facilitate 
repeatable lay down patterns on tbe floating roof as it travels up and down within tJ1e tank.. Lay down patterns shall be positioned 
to avoid rirn seals and floating roof appurtenances that could prevent the cable from freely extending as the floating roof lowers. 

H.S Openings and Appurtenances 

H.5.1 LADDER 

• H.5.1.1 'fhe tan I< interior is considered a confined space environment With restricted access (see API RP 2026). 1 f specified hy 
the PurchasPr. the tank shall be supplied with a ladder for internal floaung roof deck access. lf a Iadner is not supplied and the 
floating roof is not steel, a ladder landing pad shall be provided on the floaUng roof. 

H.5.1.2 The ladder shall he designed to allow for the full travel of the internal floating roof. regardless of any settling of lhe 
roof supports. 

H.S. 1.3 The ladder shall be installed within a fixed-roof manhole. per H.5.5.1. 

08 
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• H.5.1.4 lf a level-gauge stilling well is provided. the well may form one or both legs of the ladder, as specified by the 
Purchaser. 

H.5.1.5 The ladder shall not be aflached to the tank bottom unless provision is made for vertical movement at the upper 
connection. 

H.5.2 VENTS 

os1• H.5.2.1 Internal Floating Roof Pressure-Relieving Vents 

H.5.2.1.1 Vents suitable to prevent overs!Tessing of the roof deck or seal membrane shall be provided on the floating roof. 
These vents shall be adequate to evacuate air and gases from underneath the roof surh that the intemal floating roof is not lifted 
frorn resting on its supports during filling operations, unlill1oating on the storM Uquid. The vents shall also be adequate to release 
any vacuum generated underneath the roof after it settles on its supports during emptying operations to limit the floating roof 
external pressure to Pre· The Purchaser shall specify filling and emptying rates. The manufacturer shaH size the vents. 

H.5.2.1.2 Internal floating roofs whkh utilize support legs shall be equlpped wilh leg- or pressure-vacuum-activated vents. The 
Purchaser rnay speclfiy the type of vent and the associated design conditions {see Line 33 of the Data Sheet). Leg activated vents 
shall be adjustable as required per H.4.6. 

H.5.2.1.3 .lnlemal floating roofs. which utilize cable supports and mechanical activiated vents shall have a leg or cable acti
vated vent(s) for the opera! ing posilion (low level) and a cable activated venl(s) for the maintenance posili.on (high level). Alt.ema-

08 tively. internal floaring roofs which util ize cable supp01is shall use a pressure vacuum vent(s) to prov1de I he required ventiJ1g for 
all floating roof support levels. 

H.5.2.1.4 Leg or cable activated vents shall be designed to open automatically when the roof lowers to !50 mm (6 in.) above its 
lowest operating position and to close automatically when the roof raises more than 150 mm (6 in.) above its lowest position. 
Float-activated vents shall be designed to remain dosed while the roof is floating. Pressure-vacuum activated vems shaH be 
designed to open and achieve required flow rates within the design c.apacil ies of the floating roof and Jloating roof support system 
as described in H.5.2.l.l. 

H.5.2.2 Tank Circulation Vents 

• H.5.2.2.1 Peripheral circulaliou vents shall be located on the lank roof (unless otherwise specified by the Purchaser) aod meet 
the requiremenis of H.5.3.3, so lhat they are above the seal of the intemaJ noa(jng roof when 01e tank is fu ll. The maximum spac· 
ing between vents shall be J 0 m (32ft), based on an arc measured arthe tank shell. but there shall not be fewer d1an four equally
spaced vents. The venting shall be distributed such that thf:! sum of the open areas of the vents located within any 10 m (32 ft) 
interval is at leas! 0.2 m2 (2.0 ft.Z). The t01al net open area of these vents shall be greater than or equal to 0.06 m2/m (0.2 ft2/ft) of 
t<~nk diameter. These venrs shall be covered with a corrosion-resistant coarse-mesh screen (13 mm Plz in.l openjngs, unless spec
ified otherwise by the Purchaser) and shall be provided wit.h weather shjeJds (the closed area of the screen must be deducled to 
determine the net open vent area). 

H.5.2.2.2 A center circulation vent with a minimum net open area of 30.000 mm2 (50 in.2) shall be provided at the center of the 
fixed roof or at the highest elevation possible on I he fixed roof. l r shaU have a weather cover and shal l be provided with a corro
sion-resistant coarse-mesh screen (the closed area of t11e screen must be deducted t.o detennine the nel open venl area). 

• H.5.2.2.3 If circulation vents (per H.5.2.2.1 and 1-1.5.2.2.2) are not installed. gas blanketing or another acceptable method to 
prevent the deVPiopment of a combustible gas mixture within the tank is required . Additionally. the tank shall be protected by 

01 pressure-vacuum vents in accordance with 5.8.5. based on information provided by the Purchaser. 

H.5.3 LIQUID-LEVEL INDICATION, OVERFILL PROTECTION, AND OVERFLOW SLOTS 

• H.5.3.1 The Purchaser shall provide appropriate alam1 devices to indicate a rise of1he liquid in the lank to a level above the 
normal and overfill proteclion levels (see NFPA 30 and APl RP 2350). Overtlow slots shall not be used as a primary means of 
detecting an overfill incident 

• H.5.3.2 The internal floating roof Manufacturer shall pmvide information defining the internal floating roof and seal dimen
sional profile for the Purchasers· determination of t.he maximum normal operating and overfill protection liquid levels (coJ!sider
iug tank fixed-roof support. overflow slots or any other top of shell obstruclions). The f1oatiug roo[ Manufacturer shall provide 
the design flotation level (liquid surface elevation) of the inremal floating roof at which the pressure/vacuum relief vents will 
begin to open (to facilitate the Purchasers' determination of minimum operating levels) . 
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• H.5.3.3 The use of emergency overflow slots shaU only be permitted if specified by the Purchaser. When emergency overflow 
slots are used. they shall be sized to discharge at the pump-in rates for the tank. The greater of the producl specific gravity or l.O 
shall be used to determine the overfiow slot position so that accidental overfilling will not damage U1e tank or 1'oof or interrupt the 
continuous operation of the floating roof. OverOow discharge rates shall be determined by using the ner open area (less screen) 
and using a product level (for determining head pressure) not exceeding I he top of the ovt:rflow opening. The overflow slots shall 
be covered with a corrosion-resistant coarse-mesh screen (13 mm !1/2 in. I openings) and shall be provided with weather shields 
(the cl~1Sed area of the screen must be deducled to determine the net open area). The open area of en1ergcncy overflow slots may 
contribute to the petipheraJ venting requirement of H.5.2.2. J provided that at least 50% of the circulation-vent area remains unob
structed dllling emergency overflow conditions. The floating-roof seal shall not interfere with I he operation of I he emergency 
overtlow openings. Overflow slots shall not be placed over the stairway or nozzles unless restricted by tank diameter/height or 
unless overflow piping, collection headers, or troughs are specified by the Purchaser 10 divert flow. 

H.5.4 ANTI-ROTATION AND CENTERING DEVICES 

The internaJ Ooating roof shaJJ be centered and restrained from rotating. A guide pole with rollers. two or more seal centering 
cables or other suitable device(s) shall be provided as required for this purpose. The internal floating roof shaJ l no I depend solely 
on the peripheral seals or vertical penetration wells to maintain the centered position or to resist rotation. Any device used for 
either purpose shall not interfere with U1e abilily of the internal floating roof to travel within the full operating elevations Ln accor
dance wilh H.4. J .l. 

H.5.5 MANHOLES AND INSPECTION HATCHES 

H.5.5.1 Fixed-Roof Manholes 

At least one fixed-roof manhole complying with this Standard. with a nominal opening of 600 mm (24 in.) or larger. shall be pro- I 
vided in the fixed roof for maintenance ventilation purposes. lf used for access to !'he tank interior, the minimum clear opening 07 

shaJ I be 7 50 mm (30 in.). 

H.5.5.2 Floating-Roof Manholes 

At least one internal floating roof deck manhole shall be provided for access to and ventilation of the tank when the tloating roof 
is on its supports and the tank is empty. The manhole shaJl have a nominal opening of 600 mm (24 in.) or larger and shall be pro
vided with a bolted or secured and gasketed manJ1ole cover. The manhole neck dimensions shall meet the reqwrements of H.4J .4 
and H.4.1.5. 

• H.S.S.3 Inspection Hatches 

When specified by the Purchaser. inspection hatches shall he located on the fixed roof to permit visual inspection of I he seal region. 
The maximum spacing between inspection hatches shall be 23 m (75 fl). but lhere shall not be fewer U1an four equally-spaced 
hatches. Designs that combine inspection hatches with tank-shell circulation vents (loc:ated on the tank roof) are acceptable. 

• H.5.6 INLET DIFFUSER 

Purcha>er shall specify tl1e need for an inlet diffuser sized to reduce the inlet velocity to less than 1 m (3ft) per second during ini
tial fill per API RP 2003. Purchaser shall provide !JUmping rates and any blending. pigging and recircu lation data along wiU1 the 
inlet diameter, for Manufacturer ·s detem1ination of tl1e diffuser design and size. 

• H.5.7 GAUGING AND SAMPLING DEVICES 

When specified by U1e Purchaser. U1e fixed roof and the internal floating roof shall be provided with and/or accommodate gauging 
and sampling devices. San1pling devices on the deck of the floating roof shall be installed beneath the fiXed-roof halch (as speci-
fied for this purpose) and, unless designed as a gauge pole (extending up to the fixed roof). shall have a f111meled (tapered) cover 07 

to fat;ilita te use from the roof of the tank. All such devices on the floating roof shall be installed wilhin the plurnbness tolerance of 
H.4.5. See C.3.14 for additional requiremenTs applicable to gauge we!Js and poles. 

• H.5.8 CORROSION GAUGE 

When speciJled by the Purchaser. a corrosion gauge for the internal floating roof shall be provided adjacent to the ladder to indi
cate the general corrosion rate. 
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I• H.5.9 FOAM DAMS 
07 

A foam dam, if specified on the Data Sheet. Line 32, shall be fabricated and installed in compliance with NFPA 11. 

07 

H.G Fabrication, Erection, Welding, Inspection, and Testing 

• H.6.1 The appUcable fabrication, erection, welding, inspection , and testing requirements of this Standard shall be mel. Upon 
the start of internal floating roof instaJJation. or concurrent with assembly within a tank under const.rurtion. t11e tank (interior shell 
and vertical components) shall be inspected by the floating roof erector, unless otherwise specified. The purpose of this inspection 
shall be to conllm1 plurnbness of all interior components. along wlth roundness and the condition of rhe shell {for the presence of 
damage, projeclions, or obstructions) to verify that the floating roof and seals will operate properly. Ally defects. projections. 
obstructions or tank tolerance limits (exceeding those defined in 7.5 of litis Standard) . which would inhibit proper internal floating 
roof and seal operation, that are identified by the internal floating roof erector shall be reported to the Purchaser. 

• H.6.2 Deck seams and other joints that are required to be or vapor-tight per H.4.1.3 shaJJ be tested for leaks by the shop or field 
joint assembler. Joint testing shall be performed by means of penetrating oil or anotJ1er method consistenr with tl10se described in 
this Standarrl for testing cone-roof and/or tank-boltom seams. or by any other method mutually agreed upon by the Purchaser and 
the roof Manufacturer. 

H.6.3 The noaUng roof Manufacturer shall supply all floating roof closures required for testing per H.4 .1.3, H.4. J. 7, H.4.3.1, 
and H.6.2. Rivets, self-tapping screws. and removable sectjons are not acceptable for test plugs. 

• H.6.4 Any flotation compartment that is completely shop-fabricated or assembled in such a manner as io permit le<~k testing 
at the fabl'icating shop shall be leak tested at the shop as well as retested in the field by the floating roof erector for all accessi
ble seams. In the field assembly yard or in the erected position, the erector shall spot leak test 10% of the flotation compart
ments, whether shop- or field-fabricated. The Purchaser may select the specific compartments to test and the test location, 
based on his visual inspections for indications of damage or potential leaks (see the Data Sheet. Line 34) . Any leaking com
parunents shall be' repaired and re-tested by the roof Manufacturer. If the testjng finds any leaks in compartn1ents tested, 
except for· those damaged by shipping, then 100% of the roof compartments shall be leak tested. Unless prohibited by safety 
concerns. leal\ resting shall be at an internal pressure of 20 kPa- 55 kPa (3 lbJiin.2 - 8 1bflin.2) gauge using a soap solution or 
commercial leak detection solution. 

• Note: Special contract terms may be required to rover U1e costs of the field testing. 

H.6.5 Upon assembly and prfor to a flotation test, the erector shall inspect to verify that the peripheral seal produces an accept
able fit against the tank sheJI. 

o9 • H.6.6 INITIAL FLOTATION 

11 
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A flotalion lesl and initial fill inspection shaJI be conducted by the Purchaser. Tltis test may be performed or \o\oltnessed by the 
erector. as subject to agt'eement wltJJ the Purchaser. The party performing the flotation test shall make water co11nectJons and sup
ply all tank closures required for testing and remove all water connections and temporary cJosw·es (including gaskets. fasteners, 
test blanks. etc.) after completion of the test. unless otherwise specified by the Purchaser. 

• H.6.6. 1 Internal floating roofs in accordance with types H.2.2a, b, c, d. and g shaJI be given a flotation test 011 water. Internal 
floating roofs in accordance with types H.2.2e and H.2.2f shall be given a notation test on water or product at the option of the 
Purchaser. During this test, the roofaud all accessible compartments shall be checked to conftrm that they are free from .leaks. ll1e 
appearance of a damp spot on the upper side of tlte part in contact with the liquid shall be considered evidence of leakage. 

H.6.6.2 During initial fill the internal floating roof should be checked to confirm that it travels freely to its ful l height. The 
peripheral seal shall be checked for proper operation throughout the entire rravel of the internal floating roof. During the ftrst 
event of lowering the level f)·om full height. particular attention shall be given for tanks that contain a floating suction to ensure 
proper operation. 

H.6.6.3 Because of possible corrosive effects. consideration shall be given to the quality of water used and the duration of t11e 
test. Potable water is recommended. For aJuminum or stainless steel floating roofs. $.4 .10 shall be followed. 

H.6.6.4 The high 11otation level shalllle evaluated for clearance and the floating suction (if existing) shall be compensated for 
the excess buoyancy that will be encountered duriug hydrostatk testing of the floating roof system. 



APPENDIX 1-UNDERTANK LEAK DETECTION AND SUBGRADE PROTECTION 

1.1 Scope and Background 

1.1 .1 This appendix provides acceptable consLruction details for the detection of product leaks thmugh the bottoms of aboveg 
round storage ta11ks. and provides guidelines for tanks supported by grillage. 

Note: API supports a general position of installation of a Release Prevenrion Barrier (RPB) under new tanks during initial construction. An RPB 
includes steel bottoms, synthetic materials, clay liners, and all other barriers or combination of barriers placed in the hotiom of or under an 
aboveground storage tank, which have the following functions: (a) preventing the escape of contaminated material, and (b) containing or chan· 
neling released m::~terial for leak detection. 

• L 1.2 Several acceptable construction details are provided for detPction of leaks through the tank bottom and details for tanks 
supported by grillage (see Figures 1- l through 1- 11). Alternative details or methods may be used if agreed upon by the tank owner 
and Manufacturer. provided the details or methods satisfy the requirements ofi.2. 

• 1.1.3 The tank owner shall determine whether the umlertank area is to be constructed for leak deJection. lf leak detection is 
required. the owner shall specify the method or methods to be employed. 

1.1.4 The bottoms of abovegrow1d storage tanks may leak as a result of product side con·osion. soil side corrosion. or a combi
nation of both. The extent of product side corrosion can be detected using standard inspection techniques during an internal 
inspection. but determlolng the nature and extent of soil side rorrosfon is more diffkuJt. Therefore, in certai n servkes and tank 
locations. it may be desirable to provide for undertank monitoring of leakage tht'bugh the tru1k bottom plates. 

1.1 .5 For additional information on the use of internal linings to prevent internal bottom corrosion. see API RP 652, Similarly, Ill 
see API RP 651 for guidelines and requirements relating to preventing conosioo ffom the soil side of the bottom plate. 

1.1.6 When the appropriate tank foundation design is being selected. it is important to consider the environmental and sarety 
regulat01y implications of leakage of tank contents into the cont.ainment space below the tank bottom. Specifically, the contami 
nation of permeable material such as sand used as a floor support may constitute the generation of a hazardous waste. The treal
ment or disposal costs of such contaminated material must be determined. 

1.1.7 The requirements for secondary containment as it relates to diked areas and impoundments are not within the scope of this 
appendix. 

1.2 Performance Requirements 

The following general requirements shall be satisfied for all leak detection systems: 

a. Leaks through the tank bouom shall be detectable by observation at the tank perimeter. If a leak is detrcted. it shall be 
collected. 

b. The use of electronic sensors for the deterlion of vapors and liquids is acceptable: however, the requirements of Item a above 
shaU be satisfied. Any such sensor shall be fail-safe or have provision for calibration. 

See API RP 651 
for evaluation of 
cathodic protection 
methods 

Gravel at drain 

~Tank shell 

Bond liner to ringwall 
for leak·Ught connection 

~ Concrete ringwall 

Figure 1-1-Concrete Ringwall wfth Undertank Leak Detection at the Tank Perimeter (Typical Arrangement) 
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~~~~) 

Crushed stone ringwall 

Figure 1-2-Crushed Stone Ringwall with Undertank Leak Detection 
at the Tank Perimeter (Typical Arrangement) 

• c. The materials of ronstrvction shaJI be chemically resistant to ll1e range of products to be stored at the ten1perature range 
expected in service. Other physicaJ properties shaJI be specified by the tank owner. 

d. The penneabilily of the leak detection banier shall not exceed I X 1 o-7 em (4 >< I o-5 rllils) per second. 

e. The material in contact with the subgrade shaJI be suitable for below-grade sel'vlce or be pmtected against degradation. 

f. The teak barrier shall be of one-piece construction. or the joints shall satisfy the leak lightness, permeability. and chem1ca1 
resistance requirements for the base leak-barr.ier material. The Manufacturer a.nd a complete descript"ion of the leak barrier mate
rial shall be identified to the lank owner. 

g. The installation of sumps and pipes below the tank bottom is acceptable; however, the required leak detection and leak tight
ness shaJl be maintained. See Figures 1-8 and 1-9 for typicaJ details. 

1.3 Cathodic Protection 

Cathodic !Jrotection systems may be instaiJed in cof1junction with undertank leak detection systems. See API RP 651 for guide
lines on the use of cathodic proteclion methods. 

1.4 Double Steel Bottom Construction 

1.4.1 If a double steel bottom is used. the details of construction sha 11 provide for U1e proper support of the primary botlom 
and shell fo( all operating conditions. The design shall be evaluated to verify tl1at the primary bottom and shell are not over
stressed. The evaluation shaJI consider all anticipated operating conditions such as design metal temperature, maximum design 
temperature. fill height. hydrostatic testing, seismic conditions, and lank settlement. The evalualion is not required if the pri
mal'y bottom is uniformly supported on both sides of the shell and is not structurally attached to the secondary bottom or pri· 
mary bottom sutJpOrt. 

Flexible 

See API RP 651 
for evalual1on of 
cathodic protection 
methods 

Sand cushion 

Tank shell 

Flexible membrane liner 
between two asphalt· 
impregnated fiberboards 
(19 mm [314 in.] thickness) 

Figure 1-3- Earthen Foundation with Undertank Leak Detection at the Tank Perimeter (Typical Arrangement) 
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Optional -this seam may be sealed 
by caulking or weldfng (if welded, 
see 1.4), Not sealing may accelerate 
bottom side corrosion. 

Figure 1-4-Double Steel Bottom with Leak Detection at the Tank Perimeter (Typical Arrangement) 

1-3 

1.4.2 For double steel bottom systems lhaluse steel members (such as grating. structural shapes, or wire mesh) to separate the 
bottoms. ingress of water between the bottoms will result in locaJ accelerated corrosion rdtes. If the perimeter of the bottoms is not 
seaJed, corrosion protection of the tank bottoms shall be provided. 

1.5 Material Requirements and Construction Details 

1.5.1 The mlnbnum thickness of Oexible-membrane leak barriers shall be 800 mlllimicrons (30 mils) for flber-reinforced mem
branes <llld 1000 millimicrons (40 mils) for Wlfeinforced membranes. If clay liners are used. they shall be thlck enough to meet 
the permeability requirements of L2. Item d. 

1.5.2 The leak barrier shall be protected as required to prevent damage during construction. If the foundal'ion fill or tank pad 
material is likely to cause a puncture in tJ1e leak barrier. a layer of sand or fine gravel or a geotextile mate1ial shall be used as a 
protective cushion. 

1.5.3 For a nexible-membrane liner installed over a steel bottom. all nicks, burrs. and sharp edges shaJl be removed or a layer of 
fine sand. gravel. or geotextile material shaJJ be used to protect the liner. 

1.5.4 The nexlble leak barrier shall be covered by at least 100 mm (4 in.) of sand. excepl as otherwise shown in Figures l-1 
through I-1 0. This dlmension may have to be increased if cathodic protection is to be provided in U1e space between the tank bot
tom and the leak barrier. 

Tankshell~ 

~ - Optional - this seam may be sealed 
by caulking or welding (if welded. 

21 (25 mm (1 in.J min)-~ see 1.4). Not sealing may accelerate 
bottom side corrosion. 

Alternative noor supports 

~-----------~~------------( Grating or 

~ire\bri~ structural shapes 

~~#§sf~~ 
: .. :~.-=-~'"':...-:..-:..-=..~-::...., 

See API RP 651 __,./ 
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methods 

/----NPS '/2 pipe 
coupling at drain 

Figure I-S- Double Steel Bottom with Leak Detection at the Tank Perimeter (Typical Arrangement) 
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flank shell 

Drain pipe with 
See API RP 651 
for evaluation of 
cathodic protection 
methods 

Flexible membrane 
liner or applied coating 
for leak lightness 

t~~;:::;:~~~~"~~~~ optional sleeve 

Concrete stab 

' I I 

~ ~ ~ 
' - -<: :>"\ /", - -< : :o• 

~ 
Piles (If required) 

Gravel or geotextile 
material at drain 

Frgure 1-6-Rernrorced Concrete Slab with Leak Detection at the Perimeter (Typical Arrangement) 

• 1. 5.5 lf drain pipes are used around the tank perimeter. they shall be at h•ast NPS I in diameter and have a minimum wall thick
ness of Schedule 40 The pipes may be perforated in the undenank area to improve their leak detection function. The inner ends 
and perforations of the drain pipes shall be protected from clogging by rhe use of gravel. screening, geotextiles, or another method 
approved by the tank ownE't. The drain pipes shall exit through the foundation and shall be visible to indicate any leakage. lf spec
ified by the owner. the undertank drains shall be fitted with a valve or piped to a leak detecOon well as shown in Figure J-1 0. The 
maximum ~pacing of drain pipes shall be 15 m (50 ft). with a minimum of four drain pipes per tank; however, two drain pipes 
may be used for tanks 6 m (20 ft) or less in diameter. 

1.5.6 'fhe need f01 pipe sleeves. expansion joints, or bolh in conjunction with drain pipes shall be evaluated. 

1.5.7 The outlet of the drain pipes and collection sumps. if used. shall be protected from the ingress of water from external 
SOUt'CeS. 

1.5.8 Leak cletection systems that use sumps in the liner below the tank bottom shall have a drain line that extends from the 
sump to the tank perimeter. Consideration shall be given to installation of supplemental perimeter drains. 

1.6 Testing and Inspection 

1.6.1 The leak barrier. all leak-uarrier penetrations, allachments of the leak barrier to I he foundation ringwaJl. and other appurte
nances shall be visually Jnspt•cted for proper construction in accordance with applicable specifications. 

Tank bottom 

• • 
I I 
I I 

I I I 
• A; ·A~ 

• • 

't Piles (if required) 

Figure 1-7-Retnforced Concrete Slab 

Tank shell 

Radial grooves 
on top of slab 

• • • • • 

Reinforced concrete slab to be 
designed lor leak lightness per 
ACI350 
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100 rnm (4ln.) sand cushion 

~------------ - - - - - -- -
) Gravel at drain ./ 

Drain pipe with optional sleeve. 
Dlscharge to leak detection 
well or perimeter 

Floor sump 

Figure 1-8- Typical Drawoff Sump 
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/Took bottom 

• 1.6.2 The shop and rield seams of flexible-membrane liners shall pass a vacuum-box test. All leaks shall be repaired aud 
retested. AJternalive testing methods may be used with the tank. owner's approval. 

• 1.6.3 Proof testing of san1ples of the flexible-membrane liner seam shall be performed lo verify the sean1 strength and flexibility 
and the adequacy of the bonding. The procedure (including testing methods) used to bond or weld 01e liner seams shall be submitted 
to the owner for review and shaiJ specify all criticaJ parameters. such as temperature. speed. surface preparation. and curing time. 
required to achieve liquid-tight seams. The required strength and nexibility of the liner seams shall be agreed upon by the tank owner 
and Manufacturer. The seam samples shall be produced at the beginning of each shift for each operator and welding machine. 

• 1.6.4 All Uner penetrations, attachments of the liner to the foundation ring wall. and other appurtenances shall he demonstrated 
to be leak tight. This may be demonslrated by a mock-up test. prior experience. or other methods acceptable to the owner. 

1.7 Tanks Supported by Grillage 

• I. 7.1 Tanks designed and constructed in accordance with API Std 650 that have a maximum nominal shell thickness of 13 mm 
(1/z jn,), including any customer specified corrosion allowance. and maximum design temperature not exceeding 93°C (200°f) 
may be supported by steel or concrete grillage. By agreement between the Purchaser and the Manufacturer. these rules may be 
applied to tanks with shell thickness greater than 13 mm ( 1/2 in.). These rules apply to slngle steel buU-welded bottoms supported 
by grillage members. 

I. 7.2 The thickness and design metal temperature of the bottom plate shall be ln accordance with Figure 4- 1. 

1.7.3 The maxlmum spacing between adjacent or radial grillage members and the bottom plate thickness shaiJ satisfy the 
requirements of 1.7.3.1 and l7.3.2. 

Flexible membrane liner 
bonded to sump (Alternative 
is to continue liner into the 
sump as a lining) 

~-- --.;~ ~ -,~~~~ 
~,.,.,_ 

Discharge to leak detection 
well or perimeter 

100 mm (4 in.) sand cushion 

Figure 1-9-Center Sump for Downward-Sloped Bottom 
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Ringwall foundation shown. 
Detail Is typir.at for all types 
of foundarions 

API STIINDIIRD 650 

Sae nole 

( 
Detecti!ln well 

~ !OOmm (4 in.) 
/ diameter (min) 

with top hatch 

Drain prpe to well. 
Pipe may be above 
grade or below gfade 
(with pipe sleeve) 

Note: Top of well shall be above maximu'" high water level within drke. 

Figure 1-10- Typical Leak Detection Wells 

I. 7 .3.1 The maximum spacing between adjacent or radial grillage members shall not exceed: 

b = c-5F, c;- CA)
2J; (1.7 .3.1 -l) 

1i 1 L7 .3.2 The required nominal thickness of the bottom plate supported on grillage shall not be less than that determined by ihe 
following equation: 

where 

b -= maximum allowable spacing (center-to-center) between adjacent or radiaJ griJJage members, in mm (in.), 

F_r = specified minimum yield strength of bottom plate material. in MPa (psi} , 

(1.7 .3.2-1) 

lg -= nomjnaJ thickness (Including any corrosion aiJowance) of r.he botr.om plate supported on grillage, in mm (in.). 

• CA = corrosion allowance to be added to the bottom plate. in mm (in.) . The Purchaser shall specify the corrosion 
allowance. 

p = uniform pressure (j.ncluding the weight of the haltom plat·e) acting on the bottom resulting from r.he greater of !.he 
weight of the product plus any intemal pressure. or the weight of the hydrostatic test water. in MPa {psi). 



WELDED TANKS FOR OIL STORAGE 1-7 

I. 7 .3.3 The maximum calculated deflection of the bottom plate at mid-span shall not exceed (t8 - CA) I 2: 

4 

d = 0.0284pb s; C t ,- CA) I 2 
E (t - CAJ3 

/j s {{ 

(J. 7.3.3-1) 

where 

d = maximum calculated deflection of the bottom plate at mid-span, in mm (in,). 

E5 = modulus of elasticity of ll1e bottom plate material, in MPa (psi). 

L 7.4 The bottom plates shaU be jointed together by butt-welds having complete penetration and complete fusion. joints shaU be 
visually inspected prior to welding to ensure the weld gap and fit-up will allow complete penetration. Each weld pass shall be 
visually inspected. The alignment and spacing of grillage members shall be such that the joints belween bottom plates are located 
approximately above the cPnter of the grillage members to rhe greatest extent pracl'icaJ. Grillage members shall be arranged to 
minimize lhe length of unsupported tank shell spanning between gril lage members. 

I. 7.5 Grillage members shall be symmetri<.:·al about their vertical centerline. Steel grillage members shalJ be designed to prevent 
web crippling and web buckling as spedfied in Chapter K of the AJSC Manual of Steel Construction. Allowable Stress Design, 
Concrete grillage members may also be used. 

• 1.7.6 The Purchaser shall specifY the corrosion allowance to be addf'CI to steel grillage members. If a corrosion allowance is 
requjred, the manner of applicaUon (added to webs only, added to webs and nanges. added to one surface. added to all swfaces. 
and so forth) shall aJso be specified. 

I. 7. 7 For tanks designed to withstand wind or seismic loads. provisions shall be made to prevent sliding. djstortion, and over
turning of Lhe grillage members. Lateral bracing between the top and bottom flanges of adjacent steel grillage members may be 
required to prevent distortion and overturning. The lateral bracing and connections shall be designed to transfer the specified lat
eral loads.lf friction forces between the gtillage members and the foundation are not adequate to transfer the specified later load, 
the grillage members shall hr anchored to the foundation. 

I. 7.8 The tank shall be anchored to resist uplift forces (in excess of the corroded dead load) due to pressure and wind or seismic 
overturning. Anchors shall be located near d1e intersection oft he tank shell and a grillage member, or near an additional sti lfening 
member. 

I. 7.9 The tank shell shall be designed to prevent local buckling at the grillage members and consideraUon shall be given to shell 
diswrtion when the spacing of the grillage members is detem1ined. 

1.7.10 The bottom plate and grillage members djrectly beneath roofsuppon column~ and other items supported by lhe bot
tom shall be designed for 1he loads imposed. Additional support members are to be fur·nished if required to adequately support 
lhe boltom. 

1.7.11 If flush-type cleanouts or flush-type shell connections are furnished, additional support members shall be provided to 
adequately support lhe bottom-reinforcing and bottonHransition plates. As a minimum. 1he additional support members shall 
consist of a circumferential member (minimum length and location according to Method A of Figure 5-12) and radial support 
members. The radial suppon men1bers shall extend from the circumferential member to the inner edge of the bottom reinforcing 
(for f1ush-type cleanouts) or bottom-transition plate {for flush-type shell connections). The circumferential spaciJJg of the radjal 
support members shall not exceed 300 mm (L2 in.), 

I. 7.12 For tanks located in a corrosive environment. and where atmospheric corrosion due to wet/dry cycles may occur. consid
eration shall be given to proLecting 1he soil side of the bottom plates, grillage members, and in particulat, the contact surface 
between the bottom plates and grillage members by utilizlng protective coatings or by adding a con·osion allowance to lhese 
members. 

1.8 Typical Installations 

Allhough it is nolthe intent of this appendix to provide detailed designs for the constmcUon of undertank leak detection systems 
and tanks supported by grillage. Figures I-1 through 1-ll illustrate the general use and application of the recommendations pre
sented In d1is appendix. 
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Figure 1-11-Tanks Supported by Grillage Members (General Arrangement) 



APPENDIX J-SHOP-ASSEMBLED STORAGE TANKS 

J.1 Scope 
J.1.1 This appendix provides requirements for the design and fabrication of vertical storage tanks in sizes that pen11it complete 
shop assembly and delivery to the instaUation site in one piece. Storage tanks designed according to this appendix shall not exceed 
6 m (20 ft) in diameter. 

• J.1.2 The application of this appendiX to the design and fabrication of shop-assembled sto1·"ge tanks shall be mutually agreed 
upon by the Purchaser and d1e Manufacturer. 

J.2 Materials 
J.2.1 The material requirements of Appendix A of this standard are applicable, except as noted in j.2.2. I 
J.2.2 The selection of shell or bottom plate materials exceeding a nominal thickness of 13 mm (1/z in.) shall be based upon the u 
requirements of Section 4 of this standard. 

J.3 Design 
J.3.1 JOINTS 

J.3.1.1 Joints shall be designed as specified in 5.1; however. lap-welded joints in bottoms are not permissible. ln addition. Lhc 
modifications given in ].3. 1 .2 through ].3.1 .5 are applicable. 

J. 3.1.2 All shell jOints shall be butt-welded so that full penetration is produced without the use of back-up bars. 

J.3.1.3 Shell plates shall be sized to limil the number of plates to the smallest practical number consistent with sound economic 
practice. Each course should preferably be constJU('ted of one plate. 

J.3.1.4 Top angles are not required for flanged-roof tanks. 

J.3.1.5 Joints in bottom plates shall be butt-welded. The welding shall produce complete penetration of the parent metal. 

J.3.2 BOTTOMS 

J.3.2.1 All bottom plates shall have a minimwn nominal O'lickness of 6 mm (0.236 in.) (49.8 kgJm2 [10.2 lbf/ft21. see 4.2.l.2 
and 5.4.1). 

J.3.2.2 Bottoms shall br constructed of a minimum number of pieces; wherever feasihle they shall be constructed of one piece. 

J.3.2.3 Bouoms may be r1at or flat flanged. A Oat-bottom shall project at least 25 mm (l in.) beyond the outside diameter of the 
weld attaching the bottom to the shell plate. A flat-flanged bottom shall have an inside corner radius that is not less than three 
times the bottom thickness and a straight flange that is a minjmum of 19 nun (3/4 in.). 

J.3.2.4 Por flat bottoms. the attachment between U1e bottom edges of the lowest course shell plate and the bottom plate shall be 
a continuous fillet weld laid on each side of the shell plate. Each fillet weld shaU be sized in accordance wilh 5.1.5.7. A flat
flanged bottom shall IJe attached to the shell by fu ll-penetration butt-welds. 

J.3.3 SHELLS 

Shell plates shall be designed in accordance with I he formula given in A4.1. but the nominal thickness of shell plates shall not be 
Jess than the following: 

a. For tanks with a diameter less than or equal to 3.2 m (1 0.5 ft) - 4.8 mm (lftfl in.) . I 
08 b. For tanks with a diameter greater than 3.2 m (10.5 fi) - 6 mm (0.236 in.). 

J.3.4 WIND GIRDERS FOR OPEN-TOP TANKS 

Open-lop tanks shall be provided with wind girders as specified in 5.9. 

J-1 
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J.3.5 ROOFS 

J.3.5.1 General 

Roofs for tanks conso·ucted in accordance with this appendix shall be of I he self.-supporting type and shall con form ro eHher 
].3.5.2 or ].3.5.3. 

J.3.5.2 Cone Roofs 

Self-supporting cone roofs shall be designed as specified in 5.10.5. except they may be provided with a flange that will permit 
butt-welded attachment to the shell (see ].3.1.4). Flanges shaLl be formed with a minimum inside comer radius of three times U1e 
roof thickness or 19 mm (3/4 in.). whichever is larger. 

J.3.5.3 Dome and Umbrella Roofs 

Self-supporting dome and umbrella roofs shall be deSigned as specified in 5.10.6, except they may be flanged as described in ].3.5.2. 
For dome roofs lhat are flanged, the radius of curvature shall not be limited to the maximum requirements given in 5.10.6; instead. 

os l l1e curvature shall be Umited by the depth of the roof. including the crown and knuckle depU1. as listed in Tables J-la and J-1 b. 

09 Table J-1a- (SI) Minimum Roof Depths for Shop-Assembled Dome-RoofTanks 

08 

09 
08 

Diameter Depth 

rn mm 

s 1.8 50 

~2A 90 

S3.0 140 

5 3.7 200 

$4.3 275 

54.0 375 

56.0 500 

Table J-1 b-(USC) Minimum Roof Depths for Shop-Assembled Dome. Roof Tanks 

Diameter Dep1h 

ft in. 

6 2 

8 33/z 
10 51/2 

12 8 

14 11 

16 15 

20 20 

J.3.5.4 Top Angles 

When top angles are required , thry shalJ be attached as speclfled in 5.1 0.7. 

J.3.6 TANK CONNECTIONS AND APPURTENANCES 

J .3.6.1 Manholes, nozzles. and other connectlons in Ule shell shaiJ be constructed and attached as specified in 5. 7. but it is 
unlikely rhat reinforcing plates wjJI be required for manholes and nozzles in the tank shell. The need for reinforcement shaiJ be 

1L 1 checked according to the procedure given in 5.7.2. Since the nominal shell-plate thicknesses required by J,3.3 will nonnally 
exceed the calculated thickness. the excess material in the shell should satisfy the reinforcement requirements in nearly all cases. 
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J.3.6.2 The requirements of 5.7.3 for the spacing of welds do not apply except for the requirement lhat the spacing between the 
toes of welds around a connection shall not be less than 2.5 times the sheU thickness at the connection. 

• J.3.6.3 The roofs of tanks constructed in accordance with this appendix will be inherently strong because of the limitations In 
diameter required for shipping clearances. Thus, reinforcement of roof manholes and nozzles is not required unless specifically 
reQuested by rhe Purchaser or unless roofloads exceed 1.2 kPa (25 lbf/ft2). in which case the amount and type of reinforcement 
shall be agreed upon by I he Purchaser and t.he Mru1ufacturer. 11 

J.3.6.4 For shell manholes cmd nozzles the radiographic requirements of 5. 7.3.4 do not apply. 

J.3.6.5 For flush-type cleanout fittings. the provisions for stress relief specified in 5.7.4 and 5.7.7.3 are not requJred unless any 
plate in the assembly has a thickness greater than 16 mm (5/s in.). 

J.'3.6.6 For flush-type shell connections. the provisions for stress reHef specified Jo 5. 7 .'1 and 5. 7.8.3 cue not required unless any 
plate in the assembly has a thickness greater rhan 16 mm (5/s in.). 

J.3.7 CORROSION ALLOWANCE 

• J.3.7 .1 If the Purchaser requires that a corrosion allowance be provided, the allowance and the areas to which the allowance is 
to be added shall be specified. If a corrosjon allowance ls specified without an indication of the area to which il is to be added. the 
Manufacturer shall assume that it Is to be added only to the calculated sbeli-plate thickness. 

• J.3.7.2 When a corrosion allowance is specified for the roof and bollom plates, it shall be added to the minimum nominal 
thicknesses. 

J.3.8 LIFTING LUGS 

J.3.8.1 Lugs or clips for use in loacting and w1Joading tanks and for 11se in pladng tanks on foundations shaU be provided on all 
tanks constructed in accordance with this appendix. 

• J .3.8.2 There shall be a minimum of two lugs on each tank. The location of the lugs shall be agreed upon by the Purchaser and 
the Manufacturer. The lugs shall preferably be located at the top of the tank. in pairs. 180 degrees apart. 

J.3.8.3 Lugs and their attachment welds shall be d~:signed to carry their share of the applied load {twice the empty weight of the 
tank) distributed in a reasonable manner and based on a safety factor of 4. 

J.3.8.4 Lugs capable of ca1Tying the load deSCiibed in ].3.8.3 shall be designed and attached in a manner that will not damage 
tJ1e tank. 

J.3.9 ANCHORING 

Because of the proportions of shop-assembled sto1•age tanks, overturning as a result of wind loading must be considered. If neces
sary. aJequate provisions for anchoring shall be p!'Ovided. 

J .4 Fabrication and Construction 

J.4.1 GENERAL 

J.4.1.1 Fab1ication and corJstruction shall be in accordance with the applicable provisions of Sections 6 ru1d 7 of tllis Standard. 
Erecljon shall be interpreted as assembly. ru1d it shall be understood that the en liTe vessel is constructed in the shop and not at the 
field slte. 

J.4.1.2 Sections 7.2.2 and 7.2.5 of this Standard are not applicable to the bottoms and roofs of shop-assembled tanks. 

J.4.2 TESTING, REPAIRS, AND INSPECTION 

J.4.2.1 General 

For testing of. repairs to. and inspection of shop-assembled tanks. the requirements of ].4.2.2 through ].4.2.4 replace those of I 
09 

7.3.2 t11rough 7.3.6. -
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• J.4.2.2 Testing 

Unless other..vise specified by the Purchaser, as an alternative to the requirements of 7.3.2 through 7.3.7. a tank may be shop 
tested for leaks by the folJowing method: 

a. The tank bottom shaU be braced by securely attaching an external stiffening member as required to prevent pem1anent defor
mation during the test. 
b. AU openings shall be closed with plugs or covers as needed. Bolts and gaskets of the size and type required for final installa
tion shall be used during the test. 
c. An intemal air pressure of 14 kPa - 21 kPa (2 lbf/in.2- 3 lbf/in.2) gauge shall be applied to the tank. For mnks with a diameter 
of 3.7 m (12 ft) orless. a maximum pressure of 35 kPa (5 lbf/in. Z) gauge shall be used. 
d. Soap film, linseed oil, or another ma£etial suitabiP for the detection of leaks shall be applied to all shell. bottom, roof. and 
attachment welds, and the tank shall be carefuJJy examined for leaks. 
e. After the air pressure is released. the extr.rnal sttffening member shall be removed, and any weld scars shall be repaired. 

J.4.2.3 Repairs 

AJJ weld defects found by the leak test or by radiographic examination shall be repaired as specified in Section 8. 

J.4.2.4 Inspection 

The Purchaser's inspector shall have free entry to the Manufacturer's shop at all times. The Manufacturer shall afford the Pur
chaser's inspector reasonable facilities to assure the inspector that the work is being perfonned in accordance with the require
ments of this Standard. All material and workmanship shall be subject to Lhe replacement requlremems of 6.2.3. 

J.5 Inspection of Shell Joints 
J .5.1 The methods of inspecting shell joints described in Section 8 appJy to shop-assembled tanks, but spot racliography may be 
omitted when a joint efficiency of0.70 is used (see A.3.4). 

J .5.2 When radiographic examination is required Goint efficiency = 0.85). the spot radiographs of vertical joints shall conform 
to 8 .. 1.2.2, Item a only. excluding the I 0 mm (3/s in.) shell tJ1iclmess limitation in Item a and excluding I he additional random spot 
radiograph required by Item a. The spot radiographs of horizontal joints shall conform to 8.1.2.3. 

J.6 Welding Procedure and Welder Qualifications 
The requirements for qualification of wei cling pl'ocedures and welders given in Section 9 apply lo shop-assembled tanks. 

J.7 Marking 
Shop-assembled tanks shall be marked in accordance with Section JO, except that 10.1.4 ancll0.2 are not appJlcable. The name
plate (see Figure 1 0-1) shall indicate that the tank has been designed in accordance with this appendix. 



APPENDIX K-SAMPLE APPLICATIONS OF THE VARIABLE
DESIGN-POINT METHOD TO DETERMINE SHELL-PLATE THICKNESS 

K.1 Variable-Design-Point, Example #1 

K.1.1 DATA 

I ] Design condition Lxl Test condition 
SpecHk gravity of 1 iquid, G: ............. . .... .. ........... • .... .... . ... 1.0 
Corrosion allowance: ...... . .. .. .... • . . . ... . . ........... . .............. 0.0 nun (0.0 in.) 
Tank diameter. D; ........ , , . .. ... ...... . .................... . ....... 85,0 m (280 ft) 
Design Liquid Level (also total height of tank for the 

examples in this appendix). H: ... . ................................ l9.2 m (64 ft) 
Number of courses: ... . ....... . ......................... . .... •........ 8.0 
Al lowable S1Iess for design. Sd .. . ............. • ....... . . ......•. ...... -
Allowable stress for testing, 51: 208 MPa (30.000 Jbflin. 2) 
Height of bouom course. h1: ••• .• ••••• •• •• •• •••• .• . , •••••.••••.••.•• , .2.400 mm (96 in.) 
Nominal tank radius, 1: . . ... .......... . .. • . . .. • .... . . . . .. .... ... . .. .42,500 mm (1.680 ln.) 

(See 5.6.4 for definition of nomenclature.) 

K.1.2 CALCULATIONS 

First Course (t1) 

For the test condition. t1 is equal to t11 but not greater than lp1 

ln Sl units: 

tnt = 4.9D(H-0.3) = (4.9)(85)(19.2 - 0.3) = 3785 
I' St 208 . 

l i t = [
1.06 _ 0.0696D fE!][(4.9lfD)J 

1-1 ~s. s, 

[
] 06 - 0.0696(85) /9.2][ 4.9(19.2)(85)] 

. 19.2 208 208 

[1.06 - (0.3081)(0.3038) ]138.45] 

[ l.06 - 0.0936Jl38.45j 

[0.9664) [38.45] 

37.15 mm = 11 

fn US CustomaJy units: 

2.6D(H - 1) = 2.6(280)(64 -1) = 1.
529 

St 30,000 

[
1.06 _ (0.463D) f!!J[(2.6HD)] 

H ~5, S1 

[
1 06 - 0.463(280) J 64 ][2.6( 64 )(280)] 
. 64 30.000 30.000 

r 1.o6- (z.oz6)(0.0462) Jl LS53J 
K-1 

11 
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[ 1.06 - 0.0936] [ 1.5531 

10.9664] 11 .5531 

1.501 in. = ft 

n K.2 Variable-Design-Point, Example #2 

K.2.1 DATA 

Tn US Customary units: 

D= 280ft 

H=40rt 

C=0.85 

Course 
Course Height Course Height (h) 

ft 
1 8 
2 8 
3 8 
4 8 
5 8 

Material 

A573-70 
A36 

09 K.2.2 BOTTOM COURSE (COURSE 1) 

K.2.2.1 Design Condition 

in. 
96 
96 
96 

96 
!)6 

tpd = 2.6 x Dx (H- l) x GISt~+ CA= 0.987 in. 

28.000 
23.200 

H 

n 
40 
32 
24 
16 
8 

S, 

psi 
30,000 
24,900 

fttJ = (1.06 - (0.463 x DIH) x (HGISJD.5) x (2.6HDG/Srfi + CA = 0.962 in. 

f t d need not be greater ~1an fpd 

ltd = minimum of above thicknesses = 0.962 in. 

K.2.2.2 Hydrostatic Test Condition 

lfll = 2.6 X Dx (H - 1) I sl = 0.946 in. 

t1c11 = (1.06- (0.463x Dlr~ x (HIS1)D.5) x (2.6HD1Si; =0.914 in. 

/1 1 need not be greater than fp1 

t11 = minimum of above thicknesses= 0.914 in. 

lu)e = nominaJ thickness used 

Ct1 

in. 

0.125 
0.125 
0.0625 

0 
0 

Material 

A573-70 
A573-70 
A573-70 

A36 
A36 
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t.11 tn = minimum nominal thickness required, the greater of td or t, 

lmln = 0.962 in. (controlled by t1 (!) 

fuse = 1.000 in. 

Note: lust>> fmin The greater thickness will be used for subsequent calculations and noted as the required thickness. therefore. f1 f1= I .000 in. 

K.2.2.3 Check UH!'. 2 

L = (6Dbo.s 

t = ~1sc - CA = 0.875 in. 

L = 38.34 

l/H = 0.96 s 2 

K.2.3 SHELL COURSE 2 

K.2.3.1 Design Condition 

h1 = 96 in. 

r = 1680 in. 

ftd = J .000 in. 

CA = 0.125 in. 

It = 0.875 in. 

lt1f(rx r1)0·5 = 2.501 > 1.375 Md < 2.625 

tz = 12a + (fl r2~ (2. 1 - hJf( 1.25 x (rt1 )0.5) 

rza = 0.634 in. (see K.2.4) 

ta = O.G57 in. 

t2d = 12 + CA = 0.782 in. 

K.2.3.2 Hydrostatic Test Condition 

ht = 96 in. 

r = 1680 in. 

t1 1 = 1.000 in. 

/1 = l.OOO in. 

htl(rx 11)0·5 = 2.342 > 1.375 and< 2.625 

lz = 12a +(It- IZ;.t)(2. L- ht/(1.25 X (rt1)tl.5) 

tza = 0.699 in.(See 1<..2.4) 

tz = 0.767 in. 

K-3 
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K-4 

t21 = 0. 767 in. 

11nin = greater of l2dor lzr= 0.782 in. 

'ose : 0.81 25 in. 

API STANDARD 650 

Note: lusc > L111;11• however, the extra thickness wi ll not be used for subsequent calculations, therefore, Pzd~ 0.782 in. 

K.2.4 SECOND COURSE AS UPPER SHELL COURSE 

K.2.4.1 Design Condition 

D = 280 1'1 

Material A573-70 

sd = 28.000 psi 

S1 = 30.000 psi 

CA = 0.125 in. 

c = 0.85 

J-1 = 32 ft 

09 r = 1680 in. 

x, = 0.61 (rt11)0.5 + 3.84 CH 

xz = 12CH 

XJ = l.22 X (rti1.5 

h = 0.875 in. (thickness of botlnm shell course less CA) 

K.2.4.2 Trials 

St'dl'ting t11 = 2.6D(H - l)G/Sd = 0.6851 in. 

Xt 

in. in. 

1 0.685 1.277 0.128 36.449 
2 0.640 1.367 0.165 40.298 
3 0.634 1.381 0.171 40.885 
4 0.634 1.380 0.170 40.851 

ld- CA = 0.634 in. 

lrJ = 0.7591n. 

K.2.4.3 Hydrotest Condition 

xz 
in. 

49.231 
63.420 
65.575 
65.450 

t1. = 0.914 in. (calcu Ia ted hydrostatic thickness of botrom shell course) 

XJ 

in. 

41.390 
40.006 
39.801 
39.813 

X 1d-CA 

in. in. 

36.449 0,640 
40.006 0.634 
39.801 0.634 
39.8!3 0.634 



WELDED TANKS FOR O IL STORAGE K-5 

K.2.4.4 Trials 

starting fu= 2.6D(H- 1)/S1 = 0.752 in. 

fu K c x, X2 X3 X ,, 
in. in. in. in. in. in. 

1 0.752 1.215 OJOl 34.137 38.909 43.371 34.137 0.708 
2 0.708 1.292 0.134. 37.548 51.616 42.061 37.51l8 0.701 
3 0.701 1.305 0.140 38.098 53.658 41.855 38.098 0.699 
4 0.699 l.307 0.141 38.188 53.989 41.822 38.188 0.699 

t, = 0.699 in. 

K.2.5 SHELL COURSE 3 

K.2.5.1 Design Condition 

D =o 280ft 

Material A573-70 

S'i:J = 28,000psi 

s, :; 30.000 psi 

CA = 0.0625 in. 09 

G= 0.85 

H= 24ft 

r = 1680 in. 

C'= (~·5 ( K- 1))/(l + J(L5) 

K = tdlu 

Xl = 0.61 (rt11)0.~ + 3.84CH 

X2 = l2CH 

X'3 = 1.22 X (rtu)O.~ 

IL = 0.657 in. (ltfof lower shell course less CA) 

K.2.5.2 Trials 

starting lu"' 2.6D(J-f- l) G/Sd=0.508 in. 

lu K c Xt xz X:! X 1d-CA 

in. in. in. in. in. in. 
l 0.508 1,293 0.135 30.256 38.816 35.651 30.256 0.475 
2 0.4.75 1.385 0.172 33.089 4.9.572 31\.452 33.089 0.'169 
3 0.169 1.400 0.1 78 33.550 51.310 34.262 33.550 0.'169 
4 0.169 1.403 0.179 33.626 51.595 34.231 33.626 0.468 

td-CA ::: 0.468 in. 

td = 0.531 in. 



K-6 API STANDARD 650 

K.2.5.3 Hydrotest Condition 

IL = 0.767 in. (calculated hydrostatic thickness of lower shell course) 

K.2.5.4 Trials 

starting I1u,. 2.60{/ 1- I )/51= 0.558 in. 

l u 

in. 

0 558 
2 0.513 
3 0.510 
~ 0.510 

11 ., 0.5 1 0 ln. 

~Hil l = 0.53 1 in. 

fusP "' 0.531 in. 

K.2.6 SHELL COURSE 4 

09 K.2.6.1 Design Condition 

D = 280ft 

Material A36 

Sa = 23.200 psi 

51 = 24,900 psi 

CA = 0 in. 

G = 0.85 

II = 16 rt 

r = 1680 in. 

K 

1.375 
1.495 
1.505 
1.504 

C - (f<{l.S(J( - 1)}/(1 + Kl.5) 

x1 - 0.61 (r/11)0.5 -r 3.84CH 

' 2 = 12CH 

X;j = 1.22 X (nJ0.5 

c 

0.168 
0.214 
0.218 
0.217 

11 = OA68 in. (rtf of lowt>r shell course less CA) 

x, X2 

in. in. 

34.186 48.461 
37.637 61.641 
37.905 62.659 
37.886 62.586 

X:l X t, 

in. in. in. 

37.358 34.1864 0.513 
35.825 35.825 0.510 
35.709 35.7092 0.510 
35.717 35.7174 0.510 



K.2.6.2 Trials 

starting lu-= 2.6D(H- l)G!Sd-= 0.400 i.n. 

lu 

ln. 

1 0.400 
2 0.392 
3 0.387 
4 0.385 

td- CA = 0.383 in. 

td = 0.383 in. 

[( 

1.171 
1.195 
1.210 
1.218 

K.2 .6.3 Hydrotest Condition 

WELDED TANKS F'OR OIL STORAGE 

c Xj xz 
in. in. 

0.082 20.827 15.665 
0.093 21.339 17.769 
0.099 21.640 19.001 
0.103 21.811! 19.732 

1[. = 0.5 .I 0 in. (caJculated hydrostatic thickness of lower shell course) 

K.2.6.4 Trials 

starting 111 = 2.6D(H- 1)/51= 0.43!.) in. 

lu K c Xt X~ 

in. in. ln. 

l 0.439 1.1633 0.078 21.357 14.999 
2 0.431 1.18301 0.087 21.767 16.713 
3 0,427 Ll9458 0.092 22.007 17.710 
4 0.4l5 [.20142 0.095 22.147 ]8.295 

ft = 0.423 in. 

lmin = 0Jl23 in. 

lust- = 0.4375 in. 

X3 X 

in. in. 

31.629 15.665 
31.306 17.769 
31.118 19.001 
31.008 19.732 

X3 X 

in. in. 

33.115 14.9!)9 
32.838 16.713 
32.679 17.710 
32.586 18.295 

Note: fuse.> lu~W 11111" however, it is controlled by hydrotest. therefore. t1dremains at 0.383 for subsequent calrulations 

K.2.7 SHELL COURSE 5 

K.2.7.1 Design Condition 

D = 280fl 

Material A36 

sd = 23.200 psi 

51 = 24.900 psi 

CA = Oln. 

c = 0.85 

H = 8ft 

r = 1680 in. 

C = (J<0.5(K - L))/(1 + J(l.5) 

K-7 

ld - CA 

in. 

0.392 
0.387 
0.385 
0.383 

,, 
ln. 

0.431 
0.427 O!l 
0.425 
0.423 



09 

K-8 

x1 = 0.61 (rru)0.5 + 3.84 CH 

xz = 12CH 

x3 = 1.22 x (rlu)0.5 

API STANDARD 650 

lL = 0.383 in. (tel of lower shell course less CA) 

K.2.7.2 Trials 

starting fu = 2.6D(H - I)G!SrJ = 0.187 in. 

fu /( c XJ 

in. ln. 
I 0.187 2.051 0.382 22.546 
2 0.165 2.316 0.443 23.762 
3 0.168 2.277 0.434 23.596 
4 0.168 2.282 0.435 23.619 

ta-CA O.lG8 in. 

(d = 0.168 in. 

K.2.7.3 Hydrotest Condition 

xz 
in. 

36.695 
42.486 
41.696 
41.803 

l£ = 0.423 ln. (calcuJatect hydrostatic thickness of lower shell coW'se) 

K.2.7.4 Trials 

starling tu = 2.6D(H- 1)/51= 0.205 in. 

c Xt xz 
in. in. in. 

I 0.205 2.06791 0.386 23.1831 37.10029 
2 0.179 2.36726 0.453 24.4925 43.50275 
3 0.182 2.3205 0.444 24.3042 42.58296 
4 0.182 2.32709 0.415 24.3311 42.71425 

t1 = 0.182 in. 

fuse min = 0. 182 in. 

fuse = 0.375 in. 

Note: Minimum nominal thickness is 3jg in. 

X3 X r11- CA 

in. in. in. 
21.607 21.607 0.165 
20.334 20.334 0.168 
20.507 20.507 0.168 
20.484 20.484 0.168 

XJ X ll 

in. in. in . 

22.622 22.6219 0.179 
2 l.J 43 21.1433 0.182 
21.355 21 .3553 0.182 
21.325 21.325 0.182 



K.2.8 SHELL DESIGN SUMMARY 

A'i required by W.l.S to be listed on drawings. 

Course MateriAl 
~d 

ln. 

1 A573-70 28.000 
2 A573-70 28.000 
3 A573-70 28.000 
4 A36 23,200 
5 A3G 23,200 

WELDED TANKS FOR OIL STORAGE 

Sr lrt 

in . in. 

30.000 1.000 
30.000 0.782 
30,000 0.531 
23.200 0.383 
23.200 0.168 

ft 

in. 

0.914 
0.767 
0.5 10 
0.423 
0.182 

I min 

in. 

1.000 
0.782 
0.531 
0.423 
0.182 

K-9 

fuse 

in. 

1.000 09 

0.813 
0.531 
0.438 
0.375 

(Sample calculated shell-plate Uucknesses for various tank sizes and allowable stresses are given in Tables K- la tl•rough K-3b.) os 



Table K-1a-(SI) Shell-Plate Thicknesses Based on the Variable-Design-Point Method (See 5.6.4) 

t~ Using 2400-mm Courses and an Allowable Stress of 159 MPa for the Test Condition 

Tank Des. :rank Weight Shell Plate Thickness for Course. mm Nominal 
Liq. LvL D1a01eter of Shell TanK Volume 

rn m Mg 1 2 3 4 5 6 7 8 01;1 

12 60 233 21.40 1&.18 11.96 8.00 8.00 - - - 33.900 

65 282 22.99 17.42 12.90 10.00 10.00 - ·- - 39.800 
75 363 26.09 20.95 14 .58 JO.OO 10.00 - - - 53.000 

80 408 27.59 22.97 15.30 10.02 10.00 - - - · 60.300 

85 457 29.06 24.95 16.21 10.59 10.00 - - - · 68.100 

90 510 30.51 26.88 17.01 11.16 10.00 - - - 76.300 

100 621 33.31 30.59 18.57 12.28 10.00 - - - 94.200 
105 G80 34.66 32.40 19.32 12.84 10.00 - - - 103.900 

JJO 741 35.99 3<1.21 20.06 1139 10.00 - - - 114 .000 

115 804 37.29 35.94 20.78 13.93 10.00 - - - 124 .600 

14.4 55 276 23.90 18.85 14 .99 11 .06 8.00 8.00 34.200 
J> 

- - :2 
08 1 

60 322 25.90 20.43 16.29 11.96 8.00 8.00 40.700 (/) - - -; 
l> 

65 388 27.85 22.54 17.49 12.89 10.00 10.00 - 47,800 z - 0 
:> 

75 505 31.65 27.47 19.76 14.78 10.00 10.00 63,600 "' - - 0 
0'1 

80 569 33.50 29.85 20.92 15.71 10.00 10.00 - - 72.400 "" 0 

85 638 35.32 32.17 22.05 16.63 10.53 10.00 - - 81.700 

90 711 37.11 34 .44 23.17 17.54 11.08 10.00 - - 91.600 

JG.8 50 306 25.42 20.83 17.30 13.69 !0.15 8.00 8.00 - 33.000 

55 364 27.97 22.77 18.98 14.96 11.06 8.00 8.00 - 39.900 

60 428 30.42 25.25 20.54 16.27 11.96 8.00 8.00 - 47.500 

65 514 32.73 28.17 22.02 17.59 12.89 10.00 JO.OO - 55.700 
75 671 37.24 33.81 25.01 20.17 14.72 10.00 10.00 - 74.200 
77 705 38.12 34.91 25.60 20.69 15.09 10.00 10.00 - 78.200 

19.2 50 .390 29.12 24.42 20.95 17.28 13.6!) 10.15 8.00 8.00 37.700 

55 466 32.03 27.03 22.92 18.95 14.98 11.06 8.00 8.00 45.600 

60 551 34.95 30.39 24.75 20.63 16.27 11.96 8.00 8.00 54.300 

62.5 610 36.29 32.04 25.66 21.47 16.91 12.4.1 10.00 10.00 58.000 



Table K-1 b-(USC) Shell-Plate Thicknesses Based on the Variable-Design-Point Method (See 5.6.4) 
Using 96-in. Courses and an Allowable Stress of 23,000 lbf/in.2 for the Test Condition 

Tank Des. .Tank Weighr Shell Plate Thickness for Course. in. Nominal 
Liq. Lvl. D•ameter of Shell Tank Volume 

fi) ft tons 1 2 3 4 5 6 7 8 bbl 

4.0 200 272 0.871 0.659 0.487 0.317 0.313 - - - 224.,000 

220 333 0.949 0.720 0.533 0.375 0.375 - - · - 271.000 

240 389 1.025 0.807 0.574 0.375 0.375 - - - 322.500 

260 453 1.099 0.907 0.613 0.398 0.375 - - - 378.500 
280 522 1.171 1.004 0.653 0.427 0.375 - - - >l39.000 

300 594 1.24 1 1.098 0.6!J2 0.454 0.375 - - - 504,000 

320 G71 1.310 1.189 0.730 0.482 0.375 - - - 573.400 

340 751 1.377 1.277 0.768 0.509 0.375 - - - 647,300 

360 835 1.433 1.362 0.804 0.536 0.375 - - - 725.700 lg 380 923 1.506 1.448 0.840 0.562 0.375 - - - 808,600 
m 
0 

48 180 312 0.956 0.755 0.600 0.443 0.313 0.313 217.700 
~ 

- - "' m .-
200 376 1.055 0.832 0.664 0.487 0.317 0.313 - - 268.800 ~ 

08 1 
220 463 

z 
1.150 0.943 0.721 0.533 0.375 0.375 - - 325.200 " "' 

240 543 1.243 !.063 0.776 0.579 0.375 0.375 - - 387.000 0 
;!) 

260 G33 1.334 1.181 0.833 0.625 0.397 0.375 - - 454.,200 0 
i" 

280 729 1.423 1.295 0.889 0.669 0.424 0.375 - - 526.800 <.£/ 
0 

298 821 1.502 1.394 0.938 0.7\0 0.44.8 0.375 - - 596.700 
;!) 
)> 
!;) 
m 

56 160 333 0.995 0.817 0.678 0.537 0.398 0.313 0.313 - 200.700 

180 412 1.119 0.912 0.760 0.599 OM3 0.313 0.313 - 254.000 

200 502 1.239 1.033 0.1:!36 0.663 0.487 0.317 0.313 - 313.600 

220 615 1.351 1.175 0.908 0.727 0.532 0.375 0.375 - 379,400 

240 723 1.462 1.313 0.982 0.790 0.577 0.375 0.375 - 451.500 

247 7G4 1.500 1.361 1.007 0.812 0.592 0,379 0.375 - 4.78,300 

64 160 423 1.139 0.957 0.820 0.677 0.537 0.398 0.313 0.313 229.300 

180 527 1.282 1.078 0.918 0.758 0.599 0.443 0.313 0.313 290,300 

200 64G L423 1.242 1.007 0.841 0.662 0.487 0.317 0.313 358.400 

212 735 L502 1.338 1.061 0.890 0.700 0.514 0.375 0.375 402.600 
I 

::: .... 



Table K-2a-(SI) Shell-Plate Thicknesses Based on the Variable-Design-Point Method (See 5,6,4) 
;>; 

I~ 
Using 2400-mm Courses and an Allowable Stress of 208 MPa for the Test Condition 

Tank Des. Tank Welgh1 Shell Plate 1l1irkn~ss for Course, 111111 
Nominal 

Llq.Lvf Dfame1er of Sholl Tank Volume• 
m m Mg 1 2 3 ~ 5 () 7 8 1113 

12 75 298 2026 15.36 11.38 10.00 10.00 - - - 53,000 
80 332 21.45 16.48 12.06 10.00 lO.OO - - · - 60.300 
85 369 22.63 18.07 12.65 10.00 10.00 - - - 68,100 
90 409 23.78 19.63 )3.27 10.00 10.00 - - - 76.300 
100 493 26.03 22.64 14.51 10.00 JO.OO - - - 94,200 
105 537 27.12 2<1. 10 15.12 10.00 10.00 - - · - 103,900 
110 585 28.20 25.52 15.72 10.37 10.00 - - · - 114.000 
1!5 636 29.25 26.92 16.31 10.79 10.00 - - . - 124,600 
120 688 30.29 28.30 16.88 11.22 10.00 - - - 135,700 

14.4 65 316 21.55 JG.99 13.52 10.00 10.00 10.00 - - 47.800 
75 406 24.54 19.96 15.41 11.37 10.00 10.00 - - 63,600 
80 456 26.01 21.86 16.27 12,09 10.00 10.00 - - 72.400 
85 509 27.45 23.73 17.14 12.81 10.00 10.00 - - 81 ,700 
DO 565 28.87 25.55 18.02 13.52 10.00 10.00 - - 91.600 :l> 

100 684 31.64 29.10 19.76 14.92 10.00 10.00 113,100 :2 - -

08 1 105 747 33.00 30.81 20,61 15.62 10.00 10.00 124.700 
Vl - - ~ 

110 814 34.33 32.49 21.44 16.31 10.28 10.00 - - 136.800 z 
0 

115 885 35.65 34.18 22.26 17.01 10.68 10.00 140.600 > - · - · ::0 

120 958 36.94 35.83 23.08 17.73 J 1.08 10.00 162,900 
0 

- - 0'> 
<.n 
0 

16.8 60 341 23.32 19.05 15.85 12.51 9.27 8.00 8.00 - 47,500 
65 410 25.27 20.53 17.13 13.50 10.00 10.00 10.00 - 55,700 
75 533 28.84 24.92 19.40 15,51 11.36 10.00 10.00 - 74,200 
80 601 30.58 27.09 20.53 16.50 12.07 10.00 10.00 - 84,400 
85 672 32.29 29.23 21 .68 17,48 12.76 10.00 10.00 - 95.300 
90 747 33.98 31.33 22.82 18.46 13.46 10.00 10.00 - 106,900 

JOO 907 37.29 35.41 25.05 20.42 14.82 !0.00 10.00 - 131.900 
105 992 38.91 37.39 2fl.l4 21.46 15.48 10.00 10.00 - 145,500 
110 1083 40.51 39.36 27.23 22.64 16.11 10.30 10.00 - 159.700 
115 1179 42.08 41.28 28.33 23.79 16.74 10.72 10.00 - 174.500 
120 1278 43.63 43.14 29.44 24.94 17.36 11.14 10.00 - 190.000 

19.2 60 433 26.71 22.34 19.19 15.83 12.52 9.27 8.00 8.00 54.300 
65 520 28.94 24.70 20.63 17.11 13.51 10.00 10.00 10.00 63,700 
75 679 33.16 29.77 23.42 19.67 15.47 11.36 10.00 10.00 84,800 
80 766 35.17 32.22 24.85 20.93 16.45 J2.06 10.00 10.00 96,500 
85 858 37.15 31.64 26.25 22.18 17.4 1 12.77 10.00 10.00 109.000 
90 955 39. 12 37.01 27.65 23.44 18.36 13.46 10.00 10.00 122,100 
100 1163 42.96 41.63 30.38 26.27 20.19 14.85 10.00 10.00 150,800 
!OJ 1185 43.34 42.08 30.65 26.56 20.37 14.98 10.00 10,00 153.800 



Table K-2b-(USC) Shell-Plate Thicknesses Based on the Variable-Design-Point Method (See 5.6.4) 
Using 96-in. Courses and an Allowable Stress of 30,000 lbf/in.' for the Test Condition 

Tailk Des. T~nk wei/ell Shrll Platr Thickness lor Course. in. Nominal 
Liq. Lvl. Diamt!ll'f ofS ll!.ll Tank VulumP 

n n lOllS I 2 3 4 5 6 1 8 hill 

40 240 320 0.798 0.603 0.447 0.375 0.375 - - - 322.500 
260 365 0.856 O.GSI 0.482 0.375 0.375 - - - 378,500 
280 417 0.914 0.729 0.5 11 0.375 0.375 - - - 439.000 
300 472 0.971 0.806 0.541 0.375 0.375 - - - 504.000 
320 530 1.026 0.880 0.572 0.375 OJ75 - - - 573,400 
340 594 1.08 0.952 0.602 0.395 0.375 - - - 647,300 
360 661 L.l33 1.022 0.632 0.416 0.375 - - - 725,700 
380 731 1.185 1.090 0,660 0.437 0.375 - - - 800,600 
400 803 1.235 1.1 56 0.689 0.458 0.375 - - - 896,000 

48 220 374 0.892 0.704 0.561 0.412 0.375 0.375 - - 325,200 
240 436 0.966 0.773 0.608 0.446 0.375 0.375 - - 387,000 :E 
260 505 1.038 0.866 0.650 0.482 0.375 0.375 - · - 454.200 

, 
r 

280 579 1.10() 0.958 0.692 0.517 0.375 0.375 526,800 
0 

- - m ·o 

300 656 L178 1.047 0.736 0.552 0.375 0.375 - · ·- 604,800 I!) 

320 739 L.247 1.135 0.778 0.587 0.375 0.375 - - 688.100 m 
m r-

340 827 1.314 1.220 0.820 0.621 0.392 0.375 - - 776,800 ~ 
360 921 1.379 1.302 0.862 0.655 0.412 0.375 - - 870.900 z 

081 7" 

380 1019 1.444 1.383 0.902 0.688 0.433 0.375 970,300 
(/'1 

- - 0 
400 1121 1.507 1.462 0.942 0.721 0.452 0.375 - - 1.075,200 ;o 

0 

Sli 200 400 0.953 0.778 0.648 0,5JJ 0.378 0.313 0.313 313,600 r= ·- l!/ 
220 •190 1.048 0.858 0.709 0.560 0.412 0.375 0.375 - 379.400 0 

240 575 1.135 0.968 0.764 0,60D 0.446 0.375 0.375 451.500 
;o 

- )> 

0 

260 668 1.220 1.075 0.819 0.658 0.481 0.375 0.375 - 529,900 "' 
280 766 1.305 1.180 0.876 0.706 0.515 0.375 0.375 ·- 614.600 
300 871 1.387 !.283 0.932 0.754 0.549 0.375 0.375 - 705.600 
320 981 1.469 1.383 0.987 0.801 0.583 0.375 0.375 - 802.800 
340 1100 1.549 1.481 1.041 0,849 0.616 0.393 0.375 ·- 906.300 
360 1225 1.627 1.577 1.094 0.895 0.649 0.413 0.375 - 1.016.000 
380 1358 1.705 1.671 1.148 0.951 0.67() 0.434 0.375 ·- 1.132.000 
392 1441 1.750 1.726 1.180 0.986 0.698 0.446 0.375 - l ,204,700 

G4 200 508 1.092 0.913 10.784 0.647 120.511 0.378 0.313 0.313 358.400 
?.?.0 621 1.201 1.034 O.RS3 0.710 0.560 0.412. 0.375 0.375 433.600 
240 73•1 1.304 1.159 0.922 0.772 0.608 0.447 0.375 0.375 516,000 
260 853 1.403 1.280 0.992 0.834 0.655 0.481 0.375 0.375 605,600 
280 981 1.501 1.399 1.061 0.896 0.703 0.516 0.375 0.375 702,400 
300 Jll6 1.597 1.515 1.129 0.957 0.749 0.550 0.375 0.375 806,400 
320 1259 1.692 1.629 1.196 1.017 0.796 0.584 0.375 0.375 917,500 

lz 332 1350 1.748 1.696 1.236 J .059 0.822 0.604 0.384 0.375 987,600 
w 



Table K-3a- (SI) Shell-Plate Thicknesses Based on the Variable-Design-Point Method (See 5.6.4) I~ 
Using 2400-mm Courses and an Allowable Stress of 236 MPa for the Test Condition 

lank Des. Tank Weighr ShPII Pial~ Thickness for Course. nlm Nominal 
Liq. Lvl. Dlamrter ofS~ull Tiink Volume 

m 111 Mg I 2 3 4 5 6 7 8 m3 

14.4 65 293 19.03 15.D4 11 .95 1000 10.00 10.00 - - 47,800 

75 368 21.76 17.19 13.70 10.05 10.00 10.00 - - 63,600 

80 413 23.07 18.78 14.48 10.69 10.00 10.00 - - 72.400 

85 460 24.36 20.45 15.24 1 L33 10.00 10.00 - - 81,700 

90 510 25.63 22.10 16.00 11.96 10.00 10.00 - - 91.600 

100 617 28.12 25.30 17.56 13.21 10.00 10.00 - - 113.100 

105 674 29.34 26.85 18.32 13.82 10.00 10.00 - - 124.700 

110 733 30.54 28.37 19.07 14.44 10.00 10.00 - - 136.800 

115 794 31.73 29.87 19.81 15.05 10.00 10.00 - - 149.600 

120 856 32.89 31.34 20.54 15.66 10.00 lO.OO - - 162,900 

IG.8 60 308 20.56 16.86 14 .00 11.08 8.21 8.00 8.00 - 47,500 

65 376 22.27 18.17 15.13 11.93 10.00 10.00 10.00 - 55.700 )> 

75 480 25.56 21.48 17.24 13.70 10.05 10.00 10.00 - 74,200 ~ 

80 541 27.11 23.43 18.23 14.58 10.67 10.00 10.00 - 84.400 (/) 

> 
85 6011 28.64 25.35 19.23 15.45 11 .29 10.00 10.00 - 95.300 z 

0 

671 30.15 27.24 20.25 16.32 11.91 10.00 10.00 106.900 
> 

08 I 90 - AI 
0 

100 815 33.12 30.92 22.24 18.04 13.12 10.00 10.00 - 131.900 C7l 
0'1 

105 891 34.57 32.70 23.22 18.90 13.72 10.00 10.00 145,500 
0 

-

110 970 36.01 34.46 24.19 19.77 14.31 10.00 10.00 - 159,700 

115 1053 37.42 36.19 25. 15 20.80 14.87 10.00 10.00 - 174,500 
17.0 113!l 38.82 37.92 26.11 21.83 15.4.3 10.00 10.00 - 190,000 

UJ.2 GO 389 23.511 19.76 16.94 13.98 11.08 8.21 8.00 8.00 54,300 

65 471 25.51 21.32 18.31 15.10 11.94 10.00 10.00 10.00 63.700 
75 G09 29.37 25}9 20.78 17.37 13.67 10.05 10.00 10.00 84,800 

80 G87 31.17 27,99 22.02 18.49 14.53 IO.G8 10.00 10.00 96.500 

85 769 32.94 30.16 23.27 19.60 15.39 11.30 10.00 10.00 109,000 

90 855 34.69 32.29 24.5 1 20.70 16.24 11.92 10.00 10,00 122,100 

100 1041 38.13 36.15 26.96 22.99 17.90 l3.15 10.00 10,00 150,800 

105 1140 39.82 38.47 28.16 24.27 18.70 13.76 lO.OO 10.00 166.300 

110 1243 41.49 40.47 29.34 25.57 19.49 14.36 10.00 10.00 182.5000 

115 1351 43.14 42.45 30.55 26.85 20.27 14.97 10.00 10.00 199,400 

117 1395 43.8oa 43.22 31.03 27.36 20.59 15.21 10.00 10.00 206.400 

~ Exceeds maximum allowed material thickness. 



Table K-3b-(USC) Shell-Plate Thicknesses Based on the Variable-Design-Point Method (See 5.6.4) 
Using 96-in. Courses and an Allowable Stress of 34,300 lbf/in. 2 for the Test Condition 

Tank Dt>s. Tanli Weight Shell Platt' Thicknl'S.S for CQurw. Jn. Nominal 
Litl Lvl. OiatnOiur of Shell lankVohune 

n ft tOn\ 1 2 3 ~ 5 6 7 8 l.lbl 

48 220 341 0.784 0.619 0.492 0.375 0.375 0.375 - - 325.200 
240 394 0.850 0.670 0.534 0.393 0.375 0.375 - - 387.000 
260 453 0.914 0.736 0.574 0.423 0.375 0.375 - - 454.200 
280 519 0.977 0.818 0.611 0.454 0.375 0.375 - - 526.800 
300 588 1.039 0.898 0.649 OA85 0.375 0.375 - - 604.800 
320 662 1.100 0.977 0.687 0.515 0.375 0.375 - - 688,100 
340 738 1.160 1.053 0.724 0.545 0.375 0.375 - - 776.800 
360 819 1.218 1.127 0.761 0.575 0.375 0.375 - - 870,900 
380 904 1.276 1.200 0.797 0.605 0.381 0.375 - - 970,300 
400 994 1.333 1.271 0.832 0.634 0.39~ 0.375 - - 1.075,200 

:E 
rn 

56 200 358 0.834 0.684 0.568 0.449 0.333 0.313 0.313 313.600 
r - 0 
rn 

220 1!4 1 0.917 0.747 0.623 0.1191 0.375 0.375 0.375 - 379.400 0 
Ul 

240 514 0.998 0.825 0.674 0.534 0.393 0.375 0.375 451.500 ... - m 
m 

OAI ) 260 596 1.074 0.921 0.723 0.577 0.422 0.375 0.375 - 529.900 r 

~ 
280 684 1.149 1.015 0.771 0.620 0.453 0.375 0 . .375 - 614.600 z 

"' 300 777 1.222 l.I 07 0.821 0.662 0.483 0.375 0.375 705.600 
V) - , 

320 875 1.295 1..1 97 0.869 0.703 0.512 0.375 0.375 802.800 
0 - ;o 

340 978 1.366 1.284 0.918 0.74.5 0.542 0.375 0.375 906.300 
0 - ;= 

360 1086 1.436 1.370 0.965 0.78() 0.571 0.375 0.375 - 1.016.000 l{f 
0 

380 1200 1.505 1.454 1.012 0.827 O.GOO 0.382 0.375 - 1.132.000 
., 
> 

400 1322 1.573 1.536 l.058 0.873 0.627 0.400 0.375 1.254.400 
C) 

- m 

64 200 453 0.955 0.801 0.687 0.567 0.4.49 0.333 0.313 0.313 358,400 
220 556 1.051 0.884 0.752 0.622 0.491 0.375 0.375 0.375 433,600 
240 653 1.1 46 0.!)9~ 0.812 0.677 0.533 0.393 0.375 0.375 516,000 
260 759 1.235 l.l02 0.872 0.731 0.575 0.423 0.375 0.375 605,600 
280 872 1.321 1.208 0.933 0.786 0.617 0.453 0.375 0.375 702.400 
300 992 1.406 1.311 0.994 0.839 0.658 0.4.83 0.375 0.375 806,400 
320 l ll9 1.490 1.413 l.053 0.893 0.699 0.513 0.375 0.375 917.500 
340 1252 1.573 1.5 12 1.112 0.946 0.740 0.543 0.375 0.375 1.035.700 
360 1394 1.655 1.610 1.170 1.007 0.779 0.572 0.375 0.375 1.161.200 
380 1543 1.735 1.705 1.228 1.071 0.817 0.601 0.382 0.375 1.293.800 
384 1574 l.751a 1.724 1.240 1.083 0.824 0.607 0.385 0.375 1.321 .200 

- -
a Exceeds maximum allowed material thickness. 

::" 
~ 

U'! 



APPENDIX L-API STD 650 STORAGE TANK DATA SHEET 

Note: The Dutu Sheets contained in this appendix c;m be purchased by cout:1cting Publjcatious@api.org. 

• L.1 Introduction 

L.1.1 PURPOSE 

This appendix provides guidance to Purchasers (owners, engineering contractot·s, and other designated agents) and ManufactlJiers 
(fc1bricators and erectors) for lhe preparation and completion of the Atmospheric Storage Tank Data Sheet (hereaiter referred to as 
the Data Sheet). The Data Sheet shall be prepared in conjuuction with this Standard such that cotnprebensive proposals (bids) 
may be made and sul1sequent contral.lts may be placed for the fabrication and erection of tanks. 

L.1.2 SCOPE 

TI1is appendix ex-plains infom1ation to be placed on the Data Sheet primarily by Purchasers for use by Manutacnwers. However, 
some of the instructions apply !'o either the Purchaser or the Manufacnu-er, depending on which pruty assumes certain responsibilities. 

• L.2 Use of This Appendix 

• L.2.1 DATA SHEET PURPOSE 

The Data Sheet (attached to this appendix) shall be part of a complete tank specification. 'n1e Data Sheet provides space for defm
ing specific technical iniomu1tion such as geometry, design loads, materials, and apptutet1ances, as well a~ an outline sketch oft be 
tank. The Data Sheet may be used as prut ofthe Owner ·s petmanent record describing the trul.k. Because some infonnation on the 
Data Sheet may be detennined by the Manufacturer .• the Data Sheet may also be nsed to facilitate gathering of the complete 
design requirements. The floating roof section of the Data Sheet may be omitted if no floating roof is J·equired for the tank. 

• l.2.2 PURCHASER'S RESPONSIBILITY 

The p1-eparet{s) of the Data Sheet shall have tank design experience and sbalJ ensure that the requirements ru·e botb accw·ate ru1d 
complete. The Purchaser is primarily responsible for initi:Jting and completing the Data Sheet. 

L.2.3 MANUFACTURER'S RESPONSIBILITY 

The Manufacturer shall complete the Data Sheet as requiJ·ed to desctibe the proposal and shall provide the relevant infom1atio11 
required on aU lines marked with an astetisk (*)that have not been provided by U1e Purchaser. TI1e Data Sheet shall be submitted 
at various times during the project as described in W.l.2(2). 

• L.2.4 TEXT LEGIBILITY 

All text placed on the Data Sheet shall be of size and qu:1lity to be readable a11d reproducible. Use additional sheets OT extend the 
fonn electronically for more space or necessary additions. 

• L.3 Specific Instructions 

L.3.1 LINE-BY-LINE INSTRUCTIONS 

Each place for data emry (numbered lines, boxes. table cells, etc.) on the Data Sheet shall be completed. In no case should a line 
be left blank. Mru·king ·~A'" (not applicable), ''Later.'' ''TBD" (to be detet11tined). or olhet such tenninology eM be used. The 
"Later'" and "TBD" notations shall be edited to reflect subsequent decisions and as-buill configurations (see W.l2). 

Use consistent units for all dimensions and other data on tlJe Data Sheet. Sholl' appropriate units for eYeiJ' appropriate numeric~tl 
enfr)~ 

TI1e following nwnbered items correspond to the nwnbered ]jnes and numbered tables on the Data Sbeet: 

• Heading: 
Data Sheet Status: Typical enbies include: for Quotation, Bid, for Design Review, For Design Revision, and As-Built. 
Revise to suit the status when submitted by the Purchaser or by the Manufactllt-er. 

L-1 
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L-2 API STANDARD 650 

General: 

- Special Documentation Package Requirements: List any exceptions to the default requirements listed in Appendix W. 
- Measurement Units to be used in AP1 Std 650: IdentifY the set of units to be used when applying tl1e tules in A PI Std 

650. 

• l. Tank ManuJacttu·er 

- Mauufacturer's name.* 

- Contract number*: Enter proposed or assigned number. 
- Address*: Enter physical address, not a post office box. 
- Manufacturer's serial number for tank.* 
- Year built.* 

Edition and Addendum of API Std 650 used for design and fabrication.* 

• 2. Pw·chaser 

• 3 . 

• 4 . 

- Ptu·chaser·s name. 
- Conh-nct muubet• or designation. 

Address: Enter physical address. not a post office box. 
- Tank designation: For example. jtem number, equipment tag nwnber. or otJ1er description. 

Owned0pl'rator 

Ovmer/operator name. 
Location of facility where tank wiU be operated. 

rank Uimensjons 

- Size Limitations*: SpecifY size limitations only when exact dimensions are to be determined by the Manufactm-er (e.g .. 
maxinHtm and minimwn diameters, shell heights, overaU heights, etc.). 
Tank Diameter*: Specify diameter aod indicate ID, OD. or CL/BSC (centerline diameter of bottom shel I course). 
Shell Height*: Specify the distance from the top swface of U1e bottom plate or rumulru: ring to the upper edge of the 
cylindrical shell including top angle, if any. 
Maximum Capacity* and Net Working Capacity*: 
Criteria*: Method used to detetmine capacity of tank An example would be API RP 2350. 

• 5. Products Stored 

Liquid: Specify liquid(s) to be stored in tl1e tank. 
Maximwu Specific Gravity: Enter specific gravity of the stored Uquid(s) at designated temperatures. Use gt-eatest value 
of all products when tanks are to be designed for multiple products. 
Blanketing Gas: Specify blanketing gas in the space above the liquid. 

- Vapor Pressure: Specify absolute vapor pressure at the maximum operating teruperallu-e. Use the largest value for tanks 
designed for muJtiple products. 
% Aromatic: Specify pe1Centage by weight of aromatic hydrocarbons in tank. Refer to any supplemental specification 
for protecting the materials of construction, as applicable. 
Hydrogen Sulfide Service? (Yes/No): lf ·'Yes,'' a supplemental specification for material selection and hardness shall 
be required. See 5.3.4. 

Other Special Service Conditions: Include any conditions that may require nuther consideration. Consider thennal 
expansion or shock, cycJjc vibratory fatigue. and issues or regulations concerning tl1e product stored, e.g., chloride, 
caustic. amine, or ethatlOI corrosion, hydrogen blistering or embrirtleruent, oletull, sulfuric acid. or ammonia service. 
RCRA (Resow·ce Conservation and Recovery Act), HON (Hazardous Organic National Emission Standard for Hazard
ous Air Pollutants), RMP (Clean Air Act Risk Mru1agement Plan), etc. Provide supplemental specifications as needed. 
See 5.3.3 . 
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• Design and Testing 
Purchaser to Review Design Prior to Ordering Marelials: Indicate if the Manufacturer is fi·ee tu order mareliats prior to 
Purchaser re,riewing the design documents. Schedule may be affected. See W.1.3. 

6. AppUcable Appendices*: See 1.1.6. Appendi.x E may be selected on Line 8 of the Data Sheet. If 110 appendices are chosen. 07 

t.he basic design of this Standard is intended. 

7. Design Parameters 
- Maximum Design Tempera111re: See 3.13 for definition. 11lis differs from the operating temperatw·e. For temperat1u·c 

limits, see l.1.1. and Appendices M and S. If the roof design temperature is different than the shell temperatw·e, as in 
the case of an uniosulated roof on an insulated shell. then use Line 23 to specify the roof maximum design temperature. 
Design Metal Temperature*: Enter either lowest 1 -day mean temperature plus 8°C ( I 5° F) or a lower temperature as 
specified by the Pw-chaser if operating conditions and/or local atmosplteric conrutions control fracture tm1ghness issues. 
Desig11 Liquid Level*: See 5.6.3.2. C.3. 1.1, and E.2.2. 

- Design Pressure: Specify pressure and tmits in tbe vapor space. 
- Extemal Pressure: See 5.2.5. 
- Pressure Combination Factor: This facto•· is a modifier fo1·the design iDtemat pressuJe when used in load combinations 

with other variable loads. Value equals nonna1 operating pressw·e/design iJ1temal pressure or a minimmn of 0.4. Manu
fachlrer to use 0.4 when not specified. 

- Maximum Fill Rate: Specify rate and tUlits te.g., 100 gallons per minute). 
- Maximw11 Emptying Rate: SpecifY rate and units (e.g .• 75 gallons per minute). 
- Flotation Considerations (Yes/No): Include design considerotion that advise U1e Manufacturer about tank flotation 

anchorage. bottom uplift, and p::uiial submersion pressures atising om of flood or dike impoundment. 
Flotation Supplemental Specifications*: Refer to any that may desc1ibe external liquid depth. extemal fluid specific 
gravity, ulinilmm1 i.ntemalliquid level, and any other infomtation necessary for design. 
Section 5.2.4 makes the design criteria here a matter of agreement ben;veen the Purchaser and the Manufactw·er. 
Applled Supplemental Load Specification: Refer to supplemental specifications tltat provide concentrated loads 
applied to U1e shell, such as openings or appurtenances from attached equipment, valves, or piping, or reactions from 
stairs and platfonns for detenninatioo of strength and stiffuess issues by the Manufacturer. lf this information is not 
provided, the requirements of W.2(5) still apply. 

• 8. Seismic Design Data 

• 

Seismic Design'? (Yes/No): Indicate whether design for eru1hquakes is required. The Purchaser may specify 
Appendix E, or rut altemate criterion. 
Appendix E: Matk lhe box provided if this appendix shall be used for seismic design. 
Altl!lnale Seismic Critt:llia: Refer to any supplemental criteria different from this Stru1dard. that shall be followed, All 
required design factors shall be i.ucluded in this supplemental specification. 
Seismic Use Group: See E.3. 1. 
Site Class: See Table E.4-B. 
Ye1tical Seismic Design~ Indicate if lbis design is re.quired. 

- Vertical Ground Motion Accelerator: Provide per E.6. I .3. 
- Basis of Lateral Acceleration: Select one of the three methods listed., and specifY the appropriate parameters. See E.4. 
- F'reeboru·d: For SUG I designs, indicate if freeboard is required. See E.7.2. 

RoofTie Rods @ Outer Ring'?* (Yes/No): See E.7.5 

9. Design Wind Issues 
Top Wind Girder Style*: See 5.9. and Figw·e 5-24, for open-top and ex1emal floating roofs. 
Dimensions of Top Wind Girder*: For example, if style were ·'Cw-b Angle," the dimension might be 3 1< 3 x 3J8 (in.). 
Use Top Wind Girder as Walkway? (Yes/No): See 5.9. and Figure 5-25. and note 3 ft-6 in. dimension preference of 
5.9.4 if choice is ''Yes." 

- lntennedjate Wind Girders* (Yes/No): Specify ·'Yes'· whenever wind girders shall he added to the shell to satisfY shet l 
stability stiffening predicated by wind toads. Speci{y ''No·· if shell stiffening is to be accomplished by incl'easing t11e 
shell thickness. If not specified by the Purchaser. t11e Manufacturer must select beh;veen the two altematives and indi
cate tJ1e choice here. 

- lntemtediate Wiod Girder Style*: See 5.9 and Figure 5-24. for aU kinds oftanks whenever wind girders ru-e specified. 

08 

07 
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• 

API STANDARD 650 

- Dimensions of lntennediate Wind Girders*: For e.xample. if style were "formed plate," dimension might be b = 30 in. 
per Figure 5-24. 

- Check Buckling in CoJToded Condition? (Yes/No): lf ' 'Yes;· the wind load shaU be applied to lhe COJToded shell (an 
option covt:red in 5.9. 7.1) to establish the adequacy of the thicknesses and/or sti ff'ening rings to resist the applied forces . 

10. Shell Design 

- I -Foot Method?* (Yes/No): The Purchaser may select this shell thid:ness design method. The merhod is subject to the 
applicable lim it at ions noted in 5.6.3, A.4. J.3.3. and S.3.2. If not selected by the Purchaser. the Maoufact11rer may selecl 
either this desigu method or one of the other two methods that this Standard 1 ists. subject to the restrictions of this Stan
dard and the Pw·chaser 's approval. 
Vruiable-Design-Point Method?* (Yes/No/AJtemate): l11e Purchaser may select this shell thickness design meti1od. 
11us method is subject to ti1e restrictions detailed i.n 5.6.4. lfthe J-Foot Method or Elastic Analysis Method is selected 
by the Purchaser ru1d the Vruiable-Design-Poinl Method is also selected as an "Altemate'' by ti1e Purchaser. the Vrui
abte-Point Design Method may be used in addition to the Purchaser-selected method, but the resulting proposal must 
be cleal"ly marked as an "Altemate." If the method is not selected by the Purchaser, the ManufactUl·er may select either 
this design method or one of the other two method~ that this Stru1dard lists, subject to the restrictions of this Stru1dard 
ru1d the Pw-cl1asef ·s approval. 

- Elastic Analysis Method?* (Yes/No/Altemate): The Pw-cbaser may select this shell th.ickness design method. This 
method is su~ject to the resni ctions detailed in 5.6.5. Cases when this method is mandato1y are named in 5.6.5 as well 
as req11i.rements on the analysis boundary conditions. When it is not mandatory. the Purchaser may select this shell 
design method. If the l-Foot or Variable-Design-Point Metl1od is selected by the Purchaser and the Elastic Analysis 
Method is also selected as an "Alternate•· by the Purchaser, the Elastic Analysis Method may be used in addition to the 
Purchaser-selected method, but the resulting proposal must be clearly marked as ru1 ''Alternate." Jf the method is not 
selected by the Purchaser, the Mrumfacturer may select either Ibis design method ot o11e of the other two methods that 
this Standard lists, subjecl· to the restrictions of this Standard and the Pmchaser's approval. 

- Plate-Stacking Critelia* Centerline-Stacked? (Yes/No) or Flush-Stacked on the t:nside or Outside? (Yes/No)?: 
- Plate Widths (Shell Course Heights) aud Thicknesses*: Specify nominal shell cow·se heights and thicknesses. The frrst 

cmu·se is attached 10 the bottom. 
- Joint Efficiency*: Specify in percentage. Applicable only to Appendices A. J, and S designs. Mark "NA'' for all other 

designs. 
- Shell-to-Bottom Weld Type*: See Figure 5-3A (inside and outside comer fillets). Figtu·e 5-3C (inside ru1d outside 

partial penetration comer welds witl1 fillet weld reinforcement). and J.3.2.4 (full penetration butt weld to flanged 
fiat bottom). 

- Shell-to-Bottom Weld Inspection Method*: Choose among the options listed in accordance with 7.2.4. 

• 11. Open-Top ru1d Fixed-Roof Data (see page 6 of ti1e Data Sheet for Floating Roofs) 

- Open Top?* (Yes/No) Specify '·Yes'' if tank has no fixed roof or b.as an external floating roof. Specify ·'No .. for all 
other tanks. 

Note: I'be remaining entries iu this line apply to fiXed roofs ONLY; 

- Fi..xect Roof Type*: Enter description, such ns supported cone with intemal structure~ supported cone with extema! 
stmcture. stmcturally-supportedaluruinnm geodesic dome. self-suppmiing cone, self-suppo1tiog dome. sel·f-supporting 
umbrella. flanged only flat top, or other. See 5.10.1 or Appendix G 
Roof Supp01t Coltmms*: Specify pipe or strucn•ral shape. If stJ.ucttwdl sl1ape is speci..tle<.l, indicate the kind (e.g., wide 
flange. back-to-baek chatmel, etc.). 

Commentruy: Pipe-type roof cohuUJlS are prefeJTed for intemal lloating roof tauks. In mru1y cases lhe openings are 3/~ 
NPT tlu·eaded couplings that allow the user to plug the openings when the tank is in service, to minimize c01rosion of the 
supports and reduce emission from the tank. The openings are needed to allow lbe free drainage and cleruung of tbe col
mnns when the tank is out of service. 

Cone Slope*: Specify 1ise to run as a dimensionless ratio, e.g .. "3/4:12''. 
Dome or Umbrella Radius*: See 5.1 0.6 for self-snppotting approximate spherical raclius of roof. 
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- Weld Joints*: Desc1ibe the type of mof plate weld joint. which may be lap joint burt joint or some combination 
thereof. 

Note: Appendix F, Section F.7 roofs shall confonu ro API Std 620. 

- Seal Weld Unde1·side of Lap Joints? (Yes{No): May be required for roof plates willi intemal lining or to prevent crevic~ 11 

corrosion. 
- Seal Weld Underside of Wind Girder Joints? (Yes/No): See 5.1.5.8. 

Gas-tight? ( Yes!No): See 7.3. 7. 
Joint Efficiency*: Use only for Appendix F, Section F.7 roofs. See API Std 620. Table 3-2. 

- Thiclmess*: Provide nominal thickness of roof plates. 
Snow-Load*: PLU·chaser to provide the snow load for non-U.S. Sites. For non-US sites, the Manufactm-er should indi
c~lle lhe 50-year ground snow load selected. See 5.2.le. For insl!uctions on combiniJig loads, see 5.1 0.2. 1. 

- Applied Supplemental Loads Specification*: Indicate supplementary specifications for both dead and live roof loads 
that are concentrated or have local dist:Iibutions (e.g., the personnel loads of 5.8.6.2 and H.4.2.2). Specify any react ions 
from platfonns or walking surfaces as well as loads appued by equipment. valves, and piping. 
Column Lateral Load: Pwvhaser may optionally specify lateral loads imposed upon roof-supporting oolmnns in accor
dance with 5.10.2.9. 

- Venting Devices*? Enter type and quantity of devices for nonnal venting per APT Std 2000, and pressure settings. Also. 
enter type(s) and quantity of emet"geucy venting devices that meet either API Std 2000. circulation venting per Appen
dix: Fl. or a frangible roof design per 5.10.2.6 as applicable. The frangibility of tanks less tban 50 ft in diameter may 
require additional design considerations beyond th{)Se required by this Standard. 

- For Non-Frangible Roofs: 
Seal Weld Roof Plates to Top Angle on the lnside? (Yes!No): When ·'Yes" is selected, the shell-to-roof-joint 
shall be seal-welded on the inside. Fo1· certai1t designs, this may adversely atfect frangibility. 
Weld Rafters to RoofPiates? (Yes!No): 

Roof:·to-Shell Detail*: See Figmes 5-3 A and F-3. J.3.5, and API Std 620, Figure 3-6. 07 
Radial Projection of Horizontal Component to Top Angle*: Specify inward or outward projection. 

• 12. Required Bottom Data 

Thickness*: Enter nominal thickness, including con-osiou allowance. 
Style*: Enter one ofllie following: flat, cone up to center, cone dmvn to ceuter, side to s_ide (tilted plane). cone down to off
center. Enter all sw11p requirements (number, size, location. etc.) in Dllta Sheet (Table 3, Line 23, or on the Tank Plan). 
Slope~: Enter rise versus mn. Por llie off-center style above, the slope specified is the maximum slope. 
Weld Joint Type*: Enter one of the following: single-welded fcdl-fillet lap joint. single-welded burt with backing strip 
that remains in place. double-welded butt without backing strip, double·welded fuU-:fillet lap joims. or other_ to be 
detailed on Data Sheet Line 23 if l'lecessruy. 
Provide Drip Ring (Yes/No): If required. a drip ring shall be provided per 3.4.5. Unless the following AJtemate Speci
fication is provided, the default drip ring shall be provided. 
Alternate Specification: Refer to an acceptable drip 1ing design specification if the Pw-chaser requires a dlip ting but 
declines tl1e default design of 5.4.5. 
Annular Ring* (Yes/No): The Pw·chaser may stipulate this type of detail even if not required by this Standard. A Pm
chaser's choice of "No'· does not relieve the Manufacturer (rom complying with the requirements of this Standard in 
this regard. 

- Annular Ring Minimum Radial Width* ru1d Thkkness*: Specify 'vvidth and thickness. 

• 13. Fotmdation Infom1ation 

Furnished by*: Indicate Purchaser. Manufactw·er, or otbers. 
Type'~: Indicate materials and form. See Appendices Band I (e.g .. concrete ring-wall or steel wide flunge grillage on 
concrete pile cap). 
Soil Allowable Bearu1g PresslU·e*: Estimate pressure from geotechnical report, experience with similar tanks io the 
san1e area. etc. 

- Per Specification*: Refer to any specification that describes soil allowable beating pressure. 
Anchor Size*: See 5.3.l.l and 5.12. Provide materials of constmctioo. geometric fo1ms. and corrosion allowance for 
ru1cbors in Table 2 of U1e Data Sheet. 
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- Anchor Quantity*: indicate the total nlUllber of anchors or anchor bolts to be provided 
- Foundation Design Load$: See W.3(15). These loads are unfactored after the manner of the Allowable Stress Design 

methodology. (Sign convention is as follows: positive acting dovmward, negative acting upward.) 
- Base Shear*: Indicate the values for the wind and seismic conditions in units of force. 
- Over1uming Moment*: Indicate in units of force-distance. See 5.11 for wind, and Appendix E, or alternate 

seismic criteiia as specified 011 Line 8 of the Data Sheet, for seismic criteria. 
- Riug Forces*: Indicate loads delivered by the shell in units of force per circtm1ference of shell. 

Note: The uniformly distributed loads are shell plus roof weight (both uew and corroded), roof live load. iuternal pressure. and 
partial vacuum. 

Note: The non-utrifonn loads are fue peak magnitudes of the longitudinal compressive distributed tbrce derived from the wind 
and seismic·overt:uming moments witllout regard to any oilier ooropressive or tensile loads in the shell. 

- Bottom Forces*: Indicate suppott loads that are the w1ifomlly applied forces to the bottom away from the shell 
ring in units of force per unit area. These include weight of bottom plates, product and test liquid weights. and 
prcssw·e/vacuwn loads. Mark all inapplicable entities as ·'NA." 

- OU1er Foundation Loads*: Provide an attachment to desctibe these loads such as lateral soil pressure. overbw·
den, roof coltmm reactions, pore pressw·e. uplift anchor forces. etc. 
Minimum Projection of Foundation Above Grade: Specify the minimum required projection of the fmmdation 
above grade, if any. 

• 14. Pressw·e Test (See 7.3.5) 

Responsibility for Heating Test Water, if Required: Select one. 
Hydro-Test Fill Height*: See 7.3.5. F.4.4. and F. 7.6. 

- Settlement Measurements (Yes/No): Pm·ohaser may \.viDVe the measurement of fotmdation settlement during the hydro-
07 test in accordance with 7.3.6.5. 

- Extended Duration of Hydro-Test: Provide the mm1ber of hours or days if the tank is to be kept ful l of water for an 
eJo.'tended period. 
Predicted Settlement Profile is At1ached: Check if the Purchaser elects io infom1 the Manufacturer of relevant settle
ment predictions. 
Responsibility for Setting Water Quality: Specify patty resp<msible for setting water quality standards. Refer to supple
mental specifications as required. For guidance. see 7.3.6.3. 
Test Water Source and Disposal Tie-In Locations: Provide the location of the supply and disposal points for hydro-test 
water U1at the Manufactw·er shall use. 
Tesl Requirements for Appendix J Tanks: Hydros1atic. Testing (Yes/No): lf"No'' is selected, the .Purchaser must specify 
the required AHemative Test froru JA.2.2. 
Penetrant Testing A Uowed jn lieu of Hydro-Testing: Check if 1.here is no means of pt•oviding test water at the tank site. 
e.g., very remote tank sites. See 7.3.5. 
Post-Pressure-Test Activities Required of the Manufacturer: Select the activities desired according to 7.3.6.2( 4 ). 

• 15. Optional Fabrication. Erection. Inspection. and Testing Requirements 

- Inspection by: DesigoatePw·chaser's inspectors. See 7.3.1.1. 
Supplemental NDE (Non Destntctive Examination) Responsibi lity and Supplemental NDE Specificati.ons: Specify 
NDE options (e.g .. see 8.3.5) or indicate additional NDE options, such as weld hardness testing or additional radio
graphs. For possible additional responsibilities. see 7.3.2.3. 
Positive Material Identification (Yes/No): blclude criteritt to be followed 
Maximum Permissible Plate TI1ick"l1ess for Shearing: Specify the thickest plate to be bull-welded that may be sheared 
in accordance with 6. I .2. 

- Must Welds not exceedi11g 6 mm ( 1/4 in.) or welds greater than 6 mtn ( l f4 in.) he Mult'i-Pass? (Yes/No): See5. 1.3.6 
Leak Test Method*: Des01ibe leak tests for each component. For example, see 7.3.3. 7.3.4, 7.3.5. 7.3.7. C.3.6. andH.6.2. 
Modify or Waive API Dimensional Tolerances (see 7.5)? (No/Yes/Specify): 1f the API tolerances are not adequate. 
specify the required tolerances here. 
Specify Additional Tolerances. if any, and Circtunferential and Vertical Measw·ement Lot.-ations: indicate ru1y supplemen
tal tolerances for plumbness ru1d mnndness. giving the toleJance limit ru1d the locations for the tolerance readings. 
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Note: lf Addllioual Radial Tolerance measurements are specified, radial tolerances measured higher than 0.3 m ( I tl) nbove U1e sbeU·l'O· 
bortolli weld shall be three limes the tolerances given in 7 .5.3, unless specified otherwise by the Purchaser. 

• 16. Coating Data 

lntemal Linings by: Describe responsible patty or indicate ''Not Req · d:' 
Per Specification*: Refer to supplemental specifications to address the detailed coating/galvat1izing requirements for 

07 

items such as intemal structlU·al supp01ts, inside surface of roof, bottom, piping flanges, stairs, platf:onns, ladders. u 
tmderside of bottoms, and top surface of foundation. Ensure that all requirements address issues such as joint contour 
preparation (e.g .. shell-to-bottom, shaq~ edges of laps, crevices. etc.) and reduced weld build-up or w1dercut. For guid-
ance on intemal bottom liuiugs. see API RP 652. 

- fu1emal Coating by: Desc1ibe responsible party or indicate "Not Req'd.'' 
- Per Specification*: Refer to any supplemental specification f11lly describing Lhe process. 
- Under-Bottom Coating by: Describe responsible patty or indicate ·'Not Req 'd." 

Per Specilication*: Refer lo a supplemental specification fully describing the process. 

• 17. Cathodic Protection 

- Cathodic Protection System'? (Yes/No): See API RP 651 for guidance. 
- Per Specification*: Describe requireme11ts and responsible parties. 

• 18. Leak Detection System 

- Leak Detection System? (Yes/No): Provide a passive leak detection system as described in Appendix 1. Active ele
ments may be specified; howevet~ the system must also provide leak detection by passive means. lf active leak detec
tion schemes (e.g., volumetric invent01y records, mass change, acoustic emissions sensing, and tracer element 
detection) are required. describe the requirements by means of a specification herein. 07 

Per Specification*: Desctibe requirements and responsible patties. 

• 19. Release Prevention Bal'rier (See Appendix L I.l.l, Note, for definition.) 

- Release Prevention Banier? (Yes/No): Examples of barriers are vault floors, double bottoms, and impermeable mem
branes. 

- Per Speci.ficatiou*: Describe 1·equirements and responsible parties. 

• 20. Tank Measul'emeut System 

• 

• 
• 

Requi.l'ed? (Yes/No): Examples are float gauge, differential pressme level indicator, level alatm, radar, at1d level gauge. 
- Remote Capability Required? (Yes/No): fndioate wbether level rneasw·ements are required to be relayed to remote con

trol stations. 
By*: Designate the provider of the measurement system. 
Per Specification*: Refer to supplemental specification. 

21. Tank Weights and Lifting Requirements 

Full of Water*: Indicate weight fil led with water to design liquid level. 
- Empty*: Indicate weight when empty. For specification of lift lugs, see Data Sheet. Line 28. For tanks that are to be 

lifted, rigging and handling instructions and temporary bracing may be required. Provide reference to a supplemental 
speci fl.cation as required. 

- Shipping*: Specify weight for Appendix J tanks only. 
- Brace/Lift Specification*: Refer to any supplemental bracing/lifting specifications. 

22. References: Include relevant docwnents . 

23. Remarks: Use tll.is for issues not adequately covered elsewhere. Include any altemate shell opening designs specified by 
tbe Purchaser in accordance with 5. 7. with reference to the alternate criteria (e.g .. API Std 620). 
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• Table 1 Materials of Construct ion 

List material specifications (e.g., CSA 040.21 M-260W, ASTM A573-65, lSO 630 Gr E355-C, etc.), and supplied thickness of 
items iJltht: left column on.ly. 
State COJTOSion allowance for each component. See 5.3.2. For intemaJs, indicate if the corrosion allowance is to be applied to t;ach 
exposed swface. Unless indicated othei"\'Iise, it applies to 1he total thickness specified. Show Wlits of measure. 
Any ma1elials that either have received any heat treatment. such as normalizing, beyond the minimum beat-treating reqlLireruents 
of the material specification or have been qualified by impact tests shaU be identified by reference to n()1es loca{ed under the 
' 'remarks'· lines. The notes shall define the heat lreatment received and/or t:he energy acceptance levels, test teruperatw'e, and 
specimen orientation for impact tests. 
When U1ermal stress relief is applied to a patt in accordance with the requir•cmcnts of 5. 7.4, the prut sl1a.ll be identified by a note 
LUlder the ·'remarks' ' liues. 

• Table 2 Bolts and Anchors 

Complete all bolting and anchorage infonnation (see 4.7. 5.11.3. 5.12. E.6.2, E. 7. F.7.4. and J.3.9), including bead and nut shape 
and material specHications. Show units of measw-e for the conosion allowance ru1d see 5.3.2. Co1rosion allowance may be 
marked ·'NA"' for galvanjzed, special couosioo-resistant coated, or stainless steel anchor bolts. 

• Table 3 Nozzle and Manhole Schedule* (for Fixed Roof , Shell, and Bottom) 

Include nozzles (e.g., both blanked and piped-to coru1ections). equipment and instrument attachment and access openings, stuups, 
inspection ports. a!ld manholes in the fixed roof. shell and bottom. 
The desc1iption of. and examples for, tl1e information that may be specified in Table 3 is as follows: 

Entry Field Comments Representative Example 

Ma.tk Purchaser's mark or designation Nozzle "A-1" in sbell 

Service Stated servit.-e or purpose Product Out 

Size, NPS. or Diameter (ln.) Conventional size description of pipe and tube NPS24 

Neck Scl1edule or Wall Thickness Pipe schedule or wall t.bickness Scb 40S 

Reh.1f. Plate Dimensions Circt~ar, Diamond. etc. 49.5" OD x O.l88" 

Full Pen. On Open. (YIN) See 5.7.2.2 Yes 

Flange Type Fabricated, S.O., WN, U , etc. ASME Bl6.5 Lap Joint 

Flange Class OJ" Thickness ASME, ANSI, API Std 650 Table Cl 150 

Gasket .Bearing Surface Dimension Dimension and finish of bearing surface in 27.25" OD. 125-250 Ra ~L-in. 
and fiuisl1 contact witll gasket 

Gasket Thickness and Dimension 0.125'' x l4" lD x 28.25'' OD 

Gaskef Material and Description Generic, Drand, ANSI Std. etc. Non-asbestos sheet, per Mamuaclurer 

Proj. t'o Ffl or CL or from Damm Lines See paragraph below 18"Ff 

ASME B l6.47 flanges ru·e not available in all sizes, materials, and flange types (see 5.7.6.J ). 

COMMENT: Lap joint nozzle flanges should be avoided ill connections where the combined stresses (such as bending. cyclic. 
and seismic) in the nozzle wbcre attached to the lap joint stub-end exceed the API 650 b3sic allowable stTess at the maximum 
design temperature. Lap joint nozzle flanges should also be avoided .in conuections with vibration OJ when susceptible to envi
ronmental stress conosion cracking. 

Nozzle projections shall be measured fi·om the outside of the shell to the face of the shell flange (FF) a!ld from datum line to the 
face of the flange for roof and floor openings, unless otherwise specified SheU opening elevations shalJ be from the datum line to 
the centerline of the opening, Wlless otherwise specified. Roof opening locations shall be measw·ed radially fi·om the centerline of 
the tank. SpecifY datum line and elevations with orientations on the '·Tank Plans and Sketch'" oftlle Data Sheet. 
For fabricated flanges requiring ASMEBoiler and Pressure Vessel Code, Section Vlll, Division l . UG-34 and Appendix 2 calcu
lations: place tl1e ·'m" and 'Y' values for the gasket in the ''Remarks,.. section of1he Data Sheet, Line 23. Clearly indicate to which 
gaskets these values apply. 
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Consider listing in Table 3, items such as: 
• Wnter draw-off.<>. 
• ·n1enuowells (make. model. stem lengtJ1). 
• Suction trough (size, reference dtawing). 
• Couplings (muuber, size). 
• Sump. 

Inspection hatches for observation of floating t-oofs (as specified 011 Line 34). 

Some items require that supplemental infmmation be supplied. such as reference drawings, model munbers, aud other specifica
tions. Provide any supplemental informatiou on Line 23. 

Other Tank Appurtenances: 

• 24. Platfo1m, StaiJway and Railing: See 5.8.10 and C.3.14.6. 

- Galvanizing Required? (Yes/No)*: Examples are stairways. platforms. and handrails to be galvanized. Identify compo
nents in Remarks. Line 23. See S.2.1.3. 
Stairway Styie*: Specify whether straight along a radius or helical. 
Walking Sw-face Type*: Describe type of walking sttrface on platfo1111 and stai1'S (e.g., diamond-checkered paliem 
plate. bar and rod grating, expanded metal grating, etc.). 

- Staiiway and Walkway Clear Width*: See 5.9.4. Table 5-J 7, and Table 5-18. 
National Safety Standards*: indicate all standards that shall be observed for ladders, stairs. walkways, platfonns. and 
other architectural/stmctural items (e.g., OSllA 19 J 0). 
A.rchitectw·al/StructLLral Specification*: Provide details for a lloys, shapes. fasteners. coating. etc. 

- Gauger's Platfom1 Required? (Yes/No). 
Quantity of Gauger's Platfonns Required*. 
Per Specification*: Refer to any supplemental specification, if gauger's platform specification differs from the archi
tectw·al/st.ructmal reference specification above. 

• 25. Jackets and Other Heaters or Coolers 

- ls a Jacket Required? (Yes/No)"': TfYes, a supplemental specification 1.nay he required to address some or all of the fol-
lowing items: 07 

- Should tbe jacket be integn1l (utilize the shell as one bouudruy wa!J) or stand-alone (able to hold pressme when 
detached from shell). 

- How should the jacket be attached to the shell.? SpecifY whether welded, bolted, or othe1wise affached. 
- What type of jacket is required? Consider annular cylinder, pipe coiL half-pipe helix, panel coiJ, or other types to 

be desclibed. 

A1·e Other Healers or Coolers Required? (Yes/No)*: lfYes. a supplemental specification may be required to address 
some or all of the following items: 

- Specify the type of heater or cooler. For e'o:Ample. intem<~l coils, b::tyonel he::tt exchangers, or below bottom piping 
- Provide specifications for any other heaters or coolers. 
- Specify design pressures for jacket or heaters or coolers, both internal pressure and partial vacuum. 
- Specify design temperatures for jackets and heaters/coolers. 

• 26. Mixer/ Agitator 

Quantity: Lndicate number required. 

- Size"': 

Pet· Specification*: Provide reference to supplemeJltal specification. 

• 27. Insulation Data 

Required? (Yes/No): 

Thick11ess*: Indicate t11icl<11ess of insulation in inches. 

Note: lfnot uniform for entire tank shell aud roof, defer to Purchaser-supplied supplemental insulation specification. 

- Material*: Designate materiaJ and density of insulation. 
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Per Specifications*: Provide references to insulation and insulation suppott specifications. 

Responsibility for lnsulation and Installation: lndicate Plll·chaser, Manufuctmer, or others. 

• 28. Stmct:ural Attadunents 

- Lift Lugs for Maintenrutce or fnstallntion?* (Yes/No): Specify projection if insulation is required. 

Description*: Describe the type of lifting lugs required. 

Shell Anchorage?* (Yes/No): Wind or seismic loading may require anchorage. See 5.1 1, 5.12, and Appendices E and F. 

Type*: SpecifY type of shell anchorage (e.g .. chairs. lugs, sleeves, rings, straps, etc.). 

Scafrold Cable Supports? (Yes/No): Lndicate if required. See Figure 5-22. 

• 29. Various Other Hems 

- Flush-Type Shell CoJmection and Flush-Type Cleanout Fi.ttiug: Mark the blocks indicatlng which type(s) is required 
See Figures 5-12 and 5-14. 

Waive Application of Appendix P: Indicate iflbe Manu1actmer is required to analyze:. nozzle loads in accordance with 
Appendi.x P. It is not intended that this appendix necessarily be applied to piping connections similar in size and con:lig
mation to those on tanks of similar size and thickness for which satisfactory service expelience is available. See 
Appendix P for limitations. 

- Enter miscellaneous items not found elsewhere on the Data Sheet. 

• Table 4 Other Tank Appurtenances Schedule*: 

07 Include all oppwtenances not described elsewhere on the Data Sheet. 
Consider listing in Table 4 such items as the following: 

- Ladders 

- Overflow openings (nw11ber and size). See H.5.3 . 

- Circulation vents (ownber and size). See H.5.2.2. 

- Pressure-vrtcuum relief valves (nominal size, modelmunber, etc.). 

- Free vent/Oame aJTestor. 

- Grmmding clips (quantity ru1d style). 

Some items require supplemental infonnation, such as reference drmvings, model numbers, and other specifications. Pro
vide any supplemental infonnation on Line 23. 

• Floating Roof Data: 

30. Floating Roof Selection 

- Design Basis: Cbeck which APl Appendix is to be applied? 

- Type of Roof!': SpecifY tbe option listed i.u Appendix Cor H Only tJ1e Purchaser may specifY "Other .. and describe 
another option. 

• 31. Seals 

Pliroa1y Seal: Select from types listed or specify ·'Other·· and supply necessruy details or reference specification. Foam 
seal material may absorb some products over time. becoming a potential safety issue. See C.3.13 and I-1.4.4. 

Sboe Mechanism: ludicate mechauism required tor mechanical primary seal. Select the Mru1ufuctw·er's standard, or 
~'Pecify a pruticular type (e.g .. pantograph, leaf spring, Stlfety-pin spring, coil spring scissors, etc.). 
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- ElecbicaUy Isolate Mechanism from Shoes? (Yes/No): Indicate if required to insu11te to prevent possible arcing. 

- Wax Scrapers Required? (Yes/No): Sucb devices remove wax-like substances from the tank shell as the roof descends 
to provide a cleaner sealing surface. 

Nominal Shoe Thickness*: lncJude units. See C.3.13 and .H.4.4.4. 

Carbon Steel Shoes to be Galvanized? (Yes/No): This option cannot be selected for stainless steel shoes. 

Seconda1y Seal: IJldicate the need for a secondary seal. 

- Supplementary Specification: Refer to supplementruy specification for secondary rim seal. 

• 32. Data for All Floating Roofs: 

- Overflow Openings in Shell Acceptable? (Yes/No): See C.3.l. l. 

- Shell Ex1ension? (Yes/No): Selec1 a windskitt per C.3.1. J. li Yes is selected, this may affect capacity, design liquid 
levet and the need for an overflow indicator (alanu), requiring a Pw·chaser-supplied supplemental specification under 

I ~ 

Line 20. See APl RP 2350. 07 

- Roo.f;.Drain Check Valves Required? (Yes/No): See C.3.S.l. 

Roof-Drain 1solation Valves Required? (Yes/No):. See C.3.8.l . 

Freeze Protection for Roof Drains Required? (Yes/No): See C.3 .8.1 . Freeze protection is not required in all climates. 

Roof-Drain Piping to External No.zzl.es: Select the type of piping from the blocks provided. If '·Ot11er" is selected. pro
vide description or reference supplemental specification. The number ofroof drains required and swnp details sh:Jll be 
sho"vn on the construction drawings. 

- Foam Dam? (Yes/No): See C.3.15.2. 

Supplementary Specification: Provide supplementary foam dam specification reference. 

- Nominal Deck Thkkness*: Specify a nominal deck thickness greater than that stated in C.3.3.2. lf not specified, the In 
Manufacturer shall insert the thickness stated in the above reference. 

- Bulkhead Top Edges to be Liquid-Tight? (Yes/No): See H.4.1.8. This is ruandatmy for ell.iemal floating roofs but is a 
Purchaser's option for imemal floating roofs. 

Seal-Weld Underside of Roo£?: Select ''Yes·· to provide increased con-osion protection or additional stiffness. l11is 
applies to seal welds in addition to the seal welding required in C.3.3.3 and 1-1..4.3.5. 

EJecbical Bonding: Indicate if either shtu.lts or cables will be nse<l to bond the roof electrically to the shell and provide 
a supplemental specification to designate any technical requLrements. 

- Quantity of Non-Guide Pole Gauge Wells Required: See C.3.14.1(2), for manual gauging appru-atus in wells not asso
ciated with a guide pole. 

Quantity of San1ple Hatches Required: See C.3.15.3 for sample batches without gauging apparatus. 

Guide Pole for Gauging? (Yes/No): Indicate whetber the guide pole (anti-rotation device) shall be used for gauging. 

- Slo1s in Guide Pole? (Yes/No): Indicate whether guide pole, if used for gaugiug, sbaU be slotted. 

- Datum Plates? (Yes/No): Indicate if required. See C.3.14.4. 

- Striking Plates? (Yes/No): rndicate if required. See C.3.14.5. 

- Guide Pole Emissions-Limiting Devices: lrldicate any required by regulation or any additional devices requested by the 
Purchaser for guide poles from tbe list provided. See C.3.1-+. I( 1). 

Quantity of Roof Manholes*: See C.3.5, C.3.1 L. and H.5.5. 

07 
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- Minimum Roof Clearances Above Bottom: Indicate elevations above the bottom to the landed floating roof for both 
07 the minimum operating level and tbe minimum maintenance level. These choices aiJecl access and capacity. See 

C.3.1 0.3. H.4.6.2. and API RJ> 2350. 

09 Removable Leg Storage Racks? (Yes/No): Indicate ifrequired. 

07 

- Leg Sleeves or Fixed Low Legs: Mark tile block ti1at specifies whether the leg-supp01ted floating roof shall be pro
vided witJ1 a sleeve through (he roof plate or with fixed low legs. 

• 33. Additional Data for Extemal floating Roofs (See Appendix C): 

- Weather Shield? (Yes/No): Indicate the need for a weather shield on extemal floating roofs. If secondcuy rim seals 
setve as weather shields. they shall not be additionally requested here. 

- Supplementary Specification: Provide references for weather shield specifications. 

Rolling Ladder Required?* (Yes/No): Unless tbe Purchaser specifically dec! ines here, a rolling ladder is to be provided 
in accordance with C.J. 7. 

Must Each Leg be Fi.eld·Adjuslable? (Yes/No): Indicate ifrequired.1fpotential bottom settlement is aJ1 issue. the Pur
chaser has the option to require a two-position removable leg that can accommodate local adjustments that may differ 
for each leg. This option is for all floating roofs and is specifically discussed in C.3.1 0.3. 

- Design Rainfall Intensity: Specify a rainfall rate, a minimum period of duration, and an association wiU1 a statistically 
occurring stom1 such as U1at· found in Technical Repot1 No. 40 (e.g., 0.5 in. per how· for 5 minutes for lhe 2-year stotm). 

- Design Accumulated 24-hour Rainfall: SpecifY height of water accumulated in 24 hours associated with a statistically 
occurring stonn (e.g .. 12 in. in 24 hours for the 1 00-year stonn). See C.3.4 for minimum requirements. 

Distot1ion cu1d Stability Detenninations Required? (Yes/No): List option per C.3.4.2. 

- Supplemental Specification: Document any established methodology chosen by agreement between ti1e Purchaser and 
the Manufacturer. 

Landed Live Load*: See C.J. I 0.2. Thjs space gives the Purchaser lhe option of specifying a larger live load for exter
nal floating roofs and for specifying the stated live load for intemal floating roofs even if drains are provided tbat may 
notmally negate ilie need for such live load design. 

• 34. Additional Data for Intemal Floating Roofs 

- Two-Position Legs Required? (Yes/No): See H.4.6.2.Ifthe two positions shall be field-adaptable to account for bottom 
settlement, indicate iliis in Line 23 ofthe Data Sheet. 

- Cable-Supp011ed Floating Roo!? (Yes/No): Indil!ate if required. This is an intemal floating roof option as fow1d in 
1-1.4.6.5. 

- Fixed-Roof Inspection Hatches Required? (Yes/No): lndicate number required for evaluation of condition of floating 
roof without having to enter the vapor space. See H.5.5.3. 

- lntemal Roof Drain Required? (Yes/No): See H.4.l.l 0 

- Omit Distribution Pads Suppot1ing Uniform Live Loads? (YesfNo): See H.4.6.6 

- CotTosion Gauge Required? (Yes/No): SeefL5.8. 

- Fixed Ladder Required? (Yes/No): This applies to vertical ladders attached to the shell. which will also require a man-
hole in the rt.xed roofto be specified in Table 3. 

- Modified Minimum Point Load'! (Yes/No): Poi11t or concentrated loads are stated in 11.4.2.2 for intemal floating roofs, 
but 111ay be waived tor tanks 9 m (30ft) or s.maller in diameter. 
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- Mfr. to Leak Test Compat1:men1s: ludicate the% of compar1ments to be tested by the Manufacturer and ti1e location of 
the tests. If unknown prior to the Purchaser doing a field iuspection. special contracr tenns may be required to cover the 
additional costs. 

- Roof Erector·•s Flotation Test: ludicate when this test is to be perfonned: See H.6.5, H.6.6 for rest•ictions on these 
options. 

Flotation Test Media: Indicate the media to be used and the water quality. See H.6.6. Provide a separate specification, if 
required, to stipulate requirements. 

Flotation Test Duration.. Fill Height,: See H.6.6. 

Flotation Test Items provided by Purchaser: List any items being supplied including those (gaskets. fasteners, te$l 
blat1ks. etc.) after the test is completed. See l-1.6.6. 

- Responsible Party for Conducting Flotation Test and Inspecting Roof dUiing Test: Pw·chaser can delegate these. See 
H.6.6. 

• Table 5 Floating Roof Materials 

According. to C.3.1.2, the application of con·osion allowances (C .A.) shall be a mat1er of agreement between the Purchaser 
and the Manufacturer. Document this agreement on the Data Sheet •·Remarks'' Line 23 (e.g .. ··Manufacturer atlim1s ilial 
tbe nominal tlucknesses chosen for floating roof components include the eorTosion allowanc.:s shown in the Table for 
Floating Roof Matt:r'ials ou page 7 of the Data Sheen. 

• L,3.2 TANK PLAN AND SKETCHES (PAGE 8 AND SUPPLEMENTS) 

l.3.2.1 General 

Page 8 of the Data Sheet shaU be used t·o show the shell and roof appurtenance orientations. A single sheet is normally adequate 
for this purpose: however additional sheets may be necessary to show special details or configurations. AJI sheets shall be identi-
fied and sequenced as part ofthe Data Sheel. Sketches may be made with CAD or manual drafting. All sheets shall be identified 07 

by revision date or other rueans of record change. 

Note: Consider the prevniJing wind direction when locating equipment requiring persQ!lne1 access. 

l.32.2 Sketch Views 

The sketch view shall include an orthographic ·'Plan View'' tbal may be used for the orientation of shell, roof, atJd bottom open
ings. Other views may be added. 

L.3.2.3 Drafting Practices for Data Sheet Sketches 

Drafting practices sball be consistent with the following items: 

Where practicable. sketches shall be to scale, but the scale need not be shown on ll1e sketches. 
• Bottom views are not allowed. 
• Plat1t north or ge.ographic north arrow shall point upward on the sketch. 
• Plant nmih or geographic uottb shall be at tbe "0 degrees" OJientation, as applicable. 
• Componem thicknesses need not be shown on the sketch. 
• lntemal details shall be identified and located, Provide only enough information to deSCJ'ibe the item. or provide reference to 

standard details. These items shal l also be itemized in the appropriate tables iJl the Data Sheet. 
• External appurtenances may be omitted from the sketch; however they must be itemized in the appropriate tables in the 

Data Sheet. 
• Fmmdation or anchorage details not clearly defined elsewhere shall be shown iu the Data Sheet. This may require that an 

"Elevation View" be provided. 
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API STANDARD 650 

API Std 650 Storage Tank 

Data Sheet 

Data Sheet Status: 

Page 1 of8 

• For boxes marked with • , if blanll. Mfr. shall determine and submit as per Appendix L. For all lines, see Appendix L tor line-by-line instructions. 

GENERAL Special Documentation Package Requirements: 

Measurement Units to be used In API Std 650: Sl 0 US Customary 0 

1. Manufacturer' Contract No. • 

Address• 

Mfg. Serial No.· Year Built' Edition & Addendum to API 650' 

2. Purchaser Contract No. 

Address 

Tank Designation 

3. Owner/Operator Location 

4. Size Umitations· Tank Diameter• Shell Height• 

Capacity: Maximum• Net Working• Critena:• 

5. Products stored: 

liquid Max. S.G : at 
, 
-

Blanketing Gas Vapor Pressure PSIA at Max. Operating Temp. 

%Aromatic _ __ Suppl. Spec. H2S Service? Yes 0 No 0 Suppl. Spec. 

Other Special Service Conditions? Yes 0 No 0 Suppl. Specs. 

DESIGN At:!D TJi~Tit!~ Purchaser to Review Design Prior to Ordering Material? Yes 0 No 0_ 

6. Applicable API Standard 650 Appendices:• A 0 B 0 C 0 F 0 G 0 H 0 t 0 J 0 L 0 M 0 0 0 P 0 S 0 U 0 V 0 W 0 

7. Max. Design. Temp. __ " _ Design Metal Temp.· _ _ 0
_ Design Liquid Level' 

Design Pressure ___ External Pressure Pressure Combination Factor 
Maximum All Rate Maximum Emptying Rate 

Flotation Considerations? Yes 0 No 0 Flot. Suppl, Spec:• Applied Supplemental Load Spec. 

8. Seismic Design? Yes 0 No 0 Appendix E 0 Alternate Seismic Criteria Seismic Use Group _ _ _ 

MBE Site Class Vertical Seismic Design? Yes 0 No 0 Vertical Ground Motion Accelerator Av: 

Basis of Lateral Acceleration (Select one): 0 Mapped Seismic Parameters? S5 __ S1 _ _ So _ _ ; 0 Site-Specific Procedures?: MCE 

Design Required? Yes 0 No 0 : 0 Other (Non-ASCE) Methods 

0 Freeboard Required for SUG I Design Roof Tie Rods@ Outer Ring?• Yes 0 No 0 

9. Wind Velocity for non-U.S. sites, 50-yr wind speed (3-sec Gust)" 

Top Wind Girder style' Dimensions• Use Top Wind Girder as Walllway? Yes 0 No 0 

lntermed1ate Wind Girders?' Yes 0 No 0 Intermediate Wind Girder Style' Dimensions• 

Check Buckling in Corroded Cond.? Yes 0 No 0 

10. Shell Design: 1-Ft Mthd?' Yes 0 No 0 : Variable-Des-PI Mthd?' Yes 0 No 0 Altemate 0 : Elastic Anal. Mthd?' Yes 0 No 0 Alternate 0 

Plate Stacking Criteria' Centerline-Stacked? Yes 0 No 0 Flush-Stacked? Yes 0 No 0 Inside 0 Outside 0 
Plate l/llldths (Shell course heights) and Thicknesses • Numbers below Indicate Course Number. 

1. 2. 3 . 4 . 5. 

6. 7. 8 . 9 . 10. 

11 12. 13. 14- 15. 

Joint Efficiency• % Shell-to-Bottom Weld Type• Shell-to-Bottom Weld lnsp Mthd• 

Approvals: Revisions: TtUe: 

By: Ck'd: Date. 

Drawing No.: Sheet - of -



API 

\NELDED TANKS FOR OIL STORAGE 

API Std 650 Storage Tank 

Data Sheet 
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Page 2 of8 

' If box is blank Manufacturer shall determine and submit as per Appendix L ' 

11 . Open-Top and Fixed Roofs: (See SheetS for Floating Roofs) Open Top? • Yes 0 No 0 

Axed RoofType• Roof Support Columns•: Pipe 0 Or Structural Shape 0 
Cone Slope• . Dome or Umbrella Radius' Weld Joints• 

(Lap, Butt, Other) 

Seal Weld Underside ot Lap-Joints? Yes 0 No 0 ; Seal Weld Underside of Wind Girder Joints? Yes 0 No 0 

Gas-tight? Yes 0 No 0 Joint Efficiency~ % 

Minimum Roof Live Load _ _ psf Balanced Snow Load psf Unbalanced Snow Load psf 

App. Suppl. Load Spec.• Column Lateral Load 

Normal Venting Devices' Emergency Venting Devices• 

For Non-Frangible Roofs: Seal weld Roof Plates to Top Angle on the Inside? Yes 0 No 0 ; Weld rafters to Roof Plates Yes 0 No 0 

Roof-to-Shell Detail • Radial Projection of Horizontal Component of Top Angle' Inward 0 Outward 0 

12. Bottom: Thickness• Style' Slope• . Weld Joint Type• 

Provide Drip Ring? Yes 0 No 0 Alternate Spec. 

Annular Ring? Yes 0 No 0 AnnUlar Ring· Minimum RadiaiiMdth• Thickness• 

13. Foundation: Furnished by' Type' 
Soil Allow. Bearing Pressure• Per Spec.• Anchors: Size• __ Qty• _ _ 

Foundation Design Loads: Base Shear Force: Wnd• __ Seismic' __ Overturn1ng Moment: Wind' ___ Seismic• --
Ring Forces; Weight of Shell + Roof New• ___ Corroded' _ __ Roof Live Load' ___ Internal Pressure• ---
Partial Vacuum• Wind' Seismic' 

Bottom Forces: Floor IM. New· ---Corroded' ---Product 'M' --- V'lf.iter Vvt• --Internal Pressure' ---
Partial Vacuum· Other Foundation Loads' Min. Projection of Fdn. Above Grade: 

14. Responsibility for Heating V'lf.iter, if Required: Purchaser 0 Manufacturer 0 
Hydro-Test Fill Height* Settlement Measurements Required? Yes 0 No 0 Extended Duration of Hydro-Test: 

0 Predicted Settlement Profile is Attached 

Responsib1lity for Setting V'lfciter QuaiTty: Purchaser 0 Manufacturer 0 Supplemental Test VVclter Quality Spec. 

Test V'lfciter Source & Disposal Tie-In Locations Hydro-Test Appendix J Tank? Yes 0 No 0 

Post-Pressure-Test Activities Required of the Manufacturer. Broom Clean 0 Potable V'lfciter Rinse 0 Dry Interior 0 

Other 0 

15. Inspection by in Shop; m Field 

Supplemental NDE Responsibility Supplemental NDE Spec. 
(Purch., Mfg .. Other) 

Positive Material Identification? Yes 0 No 0 PMI Requirements; 
Max. Plate Thickness for Shearing ___ 

Must 'Nelds not exceeding 6 mm (1/4 in.) Be Multi-Pass? Yes 0 No 0 Must Vl.elds greater than 6 mm (1/4 in.) Be Multi-Pass? Yes 0 No 0 

Leak Test Mthd! Roof' SheW Shell Noz./Manhole Reinf. Pit. • 
Bottom• Floating Roof Components• 

Modify or V'lfclive API Dimensional Tolerances (see 7.5)? No 0 Yes 0 Specify: 
Specify Additional Tolerances, if any, and Circumferential and Vertical Measurement Locations; 

- Allowable Plumbness: Measure and Record at a Minimum of __ Locations or Every __ m (II) around the Tank. at 

the Following Shell Heights: (select one box): 0 1/3 H, 2/3 Hand H 0 Top of Each Shell Course 0 Other: 

- Allowable Roundness: •• Measure Radius and Record at a Minimum of Locations or Every m (ft) 
around the Tank, at the Following Shell Heights (select one box): 

0 Top of Tank. H 0 1J3 H, 2/3 Hand H 0 Top of Each Shell Course 0 Other· 
··see Data Sheet Instructions for the Maximum Allowable Additional Radial Tolerance. 

Approvals: Revisions· nue: 

By: Ck'd: Date: 

Drawing No.: Sheet of 

07 
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07 
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16. Coatings: 

11 Internal Unrngs by: Per Spec.• 

(Not Req'd., Others, Tank Mfg.) 

External Coating by· Per Spec.• 

(Not Req'd., Others, Tank Mfg.) 

Under-Bottom Coating by: Per Spec.* 

(Not Req 'd., Others, Tank Mfg.) 

17 Cathodic Protection System? YesO NcO Per Spec: 

18. Leak Detection System? Yes 0 No D Per Spec: 

19. Release Prevention Barrier? Yes 0 No 0 Per Spec.· 

20. Tank Measurement System: Required? Yes 0 No 0 Remote Capability Required? Yes 0 No 0 
By:• Per Spec.• 

21. Weight of Tank: Full of Water· Empty• Shipping• Brace/Lift Spec.~ 

22 References·: API Std 650, Appendix L 

23. Remarks•: 

07 

Approvals. Revisions: Title: 

By: Ck'd: Date: 

Drawing No.: Sheet of 
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API Std 650 Storage Tank 

Data Sheet 
• If box is bank Manufac urer shal determine and submit as per Appendtx L 

Table 1 MATERIALS OF CONSTRUCTION 

Component Materiai•/Thickness• C.A. Component 

Shell, Course_ to _ Reinforcing Pads 

Shell, Course_ to_ Manhole/Nozzle Necks 

Shell, Course_ to_ Manhole/Nozzle Flanges 

Shell , Course_ to_ Flange Covers 

Shell , Course _ to _ Anchor Attachments 

Roof Submerged Piping 

Bottom Vlletted structurals 

Annular Ring Non-wetted Structurals 

L-17 

Page 4 of 8 

Material• C.A. 

+ 

+ Check here if C.A. is to apply to each exposed surface 0 . 

Table 2 BOLTS and ANCHORS 

Component Head Type• Bolt or Anchor Material• Nut Material• Thread Series• 

Flange Bolting 

structural Bolting 

Anchor Bolts 

++Total C.A., on the nominal diameter. 

Table 3 NOZZLE and MANHOLE SCHEDULE• (for Fixed Roof, Shell, and Bottom) 

Mark Service 

Approvals: 

Siz.o, 
NPS, or 
Dia. (ln.) 

Neck Sch 
or Wall 
Thick. 

Full Pen. 

Reinf. Plate 
Dimensions 

Revisions: 

On 
Open. 
(YIN) 

Flange 
Type 

Flange 
Class or 
Thick. 

Gasket 
Bearing Surf. 
Dimen. and Gasket Thick. 

Finish and Dlmen. 

lltle: 

By: I Ck'd: 

Gasket 
Mat' I. and 
Descript. 

Date: 

Drawing No.: Sheet of 

C.A. 

++ 

++ 

++ 

Proj. to FF or 
CL or from 

Datum Lines 

07 



L-18 API STANDARD 650 
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• If box is blank, Manufacturer shall determine and submit as per Appendix L. 

OTHER TANK APPURTENANCES 

24. Platform, Stairway, and Railing: GalvanizJng Req'd?' Yes D NoD Stairway Style* Walk Surf. Type' 

(Straight or Helical) 

Stair and walkway Clear Width' National Safety Standards' 

Architectural/Structural Specification• 

Gauger's Platform Req'd? Yes D NoD Qty Req'd.* Per Spec, · 

25. Jacket Required?' Yes D NoD Other Heaters/Coolers Required?' Yes D NoD 

Supplemental Jacket, Heater, or Cooler Specifications• 

26. Mixer/Agitator: Quantity Size• Per Spec.• 

27 Insulation· Required? Yes D NoD Thickness• Material' 

Per Specs' Responsibilfty for Insulation and Installation 

07 {Purchaser. Manufacturer, Others) 

28. Structural Attachments: Lift Lugs?' Yes D NoD Desc.· 

Shell Anchorage?' Yes D NoD Type• Scaffold Cable Support? Yes D NoD 

29. Various Other Items: Welded Flush-Type: Shell Connection D Cleanout Fitting D waive Application of Appendix P? Yes D NoD 

Miscellany #1 Miscellany #2 

Miscellany tK3 Miscellany #4 

Miscellany #5 Miscellany #6 

Table 4 OTHER TANK APPURTENANCES• 

Service or 
Mark Quantity Description Size Orientation Height from Datum Material Remarks 

Approvals: Revisions: Title: 

By: Ck'd: Date: 

Drawing No.: Sheet _ of_ 
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API 
API Std 650 Storage Tank 

Data Sheet Page 6of8 

• If box IS blank Manufae1urer shall determine and submit as per AppendiX L 

FLOATING ROOF DATA 

30. Floating Roof Selection 

Design Basis: Appendix C 0 Or Appendili H 0 

Type of Roof. (Ex1ernal or Internal): Single Deck Pontoon· 0 Double Deck' 0 

(Internal Only}: Tubular Pontoon• 0 Metallic Sandwich Panel • 0 

Other 0 ------------Supplemental Spec.---------

31 . Seals 

Primary Seal. Shoe 0 Envelope 0 Wiper/Compression Plate 0 Other 0 ___ Supplemental Spec: -------

Shoe Mechanism: Mfg. Std. 0 Other 0 --------------------

Electrically Isolate Mechanism from Shoes? Yes D No 0 Wax Scrapers Required? Yes 0 No 0 

Nominal Shoe Thickness• _ ____ Carbon Steel Shoes to be Galvanized? Yes 0 No 0 

Secondary Seal: Shoe ::J Envelope 0 Wiper 0 None U Other 0 -------Supplemental Spec:------

32. Data for All Floating Roofs: 

Overltow Openmgs in Shell Acceptable? Yes 0 No 0 Shell Ex1ension? Yes 0 No 0 

Roof-Drain Check Valves Required? Yes 0 No 0 Roof-Drain Isolation Valves Required? Yes 0 No 0 

Freeze Protee1ion lor Roof Drains Required? No 0 Yes 0 Supplemental Requirements: _______ _ 

Roof·Otain Piping to Ex1emal Nantes: Mig. Std. 0 Anmored Flexible Pipe 0 SIMvels in Rigid Pipe 0 Other 0 --------

Foam Dam? Yes 0 No 0 Sl!pplementat Spec.-------------

Nominal Deck Thickness• - ----------

Bulkhead Top Edges to be Liquid· Tight? Yes 0 No 0 Seal-weld Underside of Roof? Yes 0 No 0 

Bectrical Bonding: Shunts: YesO No 0 Cables; Yes 0 fllo 0 Supplemental Spec. - ----------- - -

Qty or Non-Guide-Pole Gauge Wells Required Qly or Sample Hatches Required-----

Guide Pole lor Gauging? Yes 0 No 0 Slots In Guide Pole? Yes 0 No 0 Datum Plates? Yes 0 No 0 Striking Plates? Yes 0 No 0 

Guide Pole Emissions, Limlting Devices: Sliding Cover 0 Pole Wper 0 Pole Sleeve 0 Float 0 Float Wiper 0 Pole Cap 0 

Oty. ot Roof Manholes• ___ Minimum High-Roof Clearance Above Bottom; __ _ 

Removable Leg Storage Racks? Yes 0 No 0 : Leg Sleeves 0 or Axed Low Legs 0 
33. Additional Data for External Floating Roofs: 

Weather Shield? Yes 0 No 0 S~Jppl. Spec.--------

Rolling Ladder Req'd? Yes 0 No 0 Field Adjustable Legs? Yes 0 No 0 

Design Rainfall lntensity _ __ lrt./Hr (mm/hr) Based on a ___ Minute Duration Associated with the-----Storm 

Design Accumulated 24-Hour Rainfall ___jn. (mm) Based on the-----Storm 

Distortion and Stability Determinations Required? Yes 0 No 0 Supplemental Specification------------ - 

Landed Live Load• _ _ 

Approvals: Revisions: llUe: 

By: 1 Ck'd: I Date: 

Drawing No.: Sheet of 
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34. Additional Data for Internal Floating Roofs: 

Two-Position Legs? Yes 0 No 0 Cable-Supported Roof? Yes 0 No 0 Fi~ed-Roof Inspection Hatches Required?: Yes 0 No 0 

Internal Roof Drain Required? Yes 0 No 0 Omit Distribution Pads Supporting Un•form Uve Loads? Yes 0 No 0 

Corrosion Gauge Required? Yes 0 No 0 Fl)(ed Ladder Required?: Yes 0 No 0 : Type of Roof Vent: • 

MOdified Minimum Point Load? Yes 0 No 0 Supplemental Specification 

Mfr. to Leak Test • _ % of Compartments 0 in Assembly Yard 0 In Erected Position 0 Unknown; see separate contract terms 

Roof Erector's Flotation Test: w/ tank hydro 0 at completion of roof 0 at later date 0 ___ Not required 0 

Flotation Test Media: WaterO Product 0 (see H.6.6. 1) Water Quality: Potable 0 Other 0 See Supplemental Spec 

Flotation Test: Duration --- Fill Height:---

Flotation Test Items provided by Purchaser (see H.6.7) : None 0 List AUached 0 

Responsible Party for Inspecting Roof during Initial Fill: Purchaser 0 Other 0 

07 Table 5 FLOATING ROOF MATERIALS 

Component Materlai'IThlckness · C.A./Coating ' Component Materiai' IThlckness· C.A .tCoatlng• 

Deck Plate Datum Plate 

Inner Rim Plate Tubular Pontoon 

Outer Rim Plate Pontoon Bulkhead 

Foam Dam Submerged Pipe 

Sandwich Panel Face Plate Guide Pole 

Sandwich Panel Core Secondary Se<tl 

Gauge \Nell SecondarySeaiFabnc 

Drain Sumps Vl/lper Tip 

Opening Sleeves Wax Scraper 

Floating Suction Lines Weather Seal 

Primary Fabnc Seal Envelope Fabric 

Foam Log Core Shoe Mechanisms 

Landing l egs Primary Seal Shoe 

Landing Leg BoHom Pads Removable Covers 

Manhole Necks Rolling Ladder 

Vents Inlet Diffusers 

Approvals: Revi sions: Title: 

By: I Ck'd: 1 Date: 
Drawing No~ Sheet of 
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• If box IS blank, Manufacturer shall determtne and subm1t as per AppendiX L. 

Tank Plan and Sketches: 

Notes: 

Approvals: Revisions: Title: 

By: 
Drawing No.: 
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Page 8 of 8 
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I Ck'd: 1 Date: 
Sheet - of -
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Table L-1-lndex ofDecisions or Actions Which may be Required of the Tank Purchaser 
07 

Foreword 5.6.1.1 (Notes 1. 3) 6.1.3 
l.1.2 5.6.1.2 6.2.1 

08 1.1.3 Tables 5-2a and 5-2b (Note a) 6.2.3 
1.1.5 5.6.3.2 (H, G. CA) 6.2.4 
1.1.6 5.6.4. 1 7.1.1 
l.l.ll 5.6.4.6 {If) 7.1.4 
Table J -1 (App. C, E, G; 1, L, 0, P, V, W) 5.7.1.4 7.2.l.l 
l.l . IS 5. 7. 1.8 7.2.1. 7 
l.l. l8 Fig1m:: 5-6 (Note 5) 7.2.3.3 

07 1.1.22 Figure 5-7A (Notes I , 7) 7.2.4.1 
1.1.28 Figw·e 5-7B (Note 6) 7.2.4.3 
1.3.2 Figure 5-8 (Note4) 7.3.1.3 
l.3.3 5.7.2.2 7.3.2.1 
1.4 5.7.2.3 (b) 7.3.2.3 
4.1. 1.4 Tables 5-6a and 5-6b (Note c) 7.3.5 , 1 

08 4.1.2 Tables 5-8a and 5-8b (Note d) 7.3.6.2 (2, 3. 4.5, 7) 
4.1.3 Tables 5-9a and 5-9b (Note c) 7 .3.6.3 
4. 1.5 (b) Figure 5-12 (Note4) 7.3.6.5 (Note) 
4.2.1.3 5. 7.3.4 7.3.7.2 
4.2.5 5.7.4.5 7.4.1 
Table4- l (Note 1) 5.7.5.2 7.4.4 
Table 4-2 (Nott: C) 5.7.6.1.a 7.5. 1 
4.2.7.4 5.7.6.1.b 8.1.2.7 
4.2.8.1 5.7.6.2 8.1.4 
4.2.9.2 5.7.6.3 8.1.6 
4.2.10.4 5.7.7.1 8.1.7.2 
4.4.1 (g) 5.7.8.1 8. 1.8.2 
4.4.2 5.8..2 8.3.2.5 
4.6.2 5.8.5.3 8.6.3 
4.7 5.8.5.4 8.6. 10 
4.9.1.l 5.8.7 8.6. 11 
4.9.1.4 5.8.10 (c) 9.2.1.1 

07 4.9.1.5 5.8. 11.2 l O. l.l (e,f. g. j . k) 
4.9.2 5.8.11.3 (iignre 10- I (Note) 
4.9.3.1 5.9.3.3 10.3 (Note) 
5. 1.3.6.1 5.9.6.1 (Note) A. l . l 
5.1.3 .8 5.9.7. 1 (t. d) A.l.2 
5.1.5.3 (b) 5.9.7.2 (lwifoOll• factual) A.3.4 
5.1.5.4 5.9.7.7 A.4.J (G, CA) 
5.1.5.5 5.10.2.2 A.6 
5. 1.5.8 (b) 5.10.2.4 A.8.2 
5.1 .5.9 (e) 5.10.2.6 A.9.2 
5.2. 1 (a, b. f, g. h.j. J) 5.10.2.7 B.3.3 
5.2.2 5.10.2.8 B.3.4 
5.2.3 (a. h. c) 5.10.3.1 B.4.4. l 
5.2.4 5.10.3.4 C . .I 
5.2.6.1 5. 10.4.1 C.3.1. 1 
5.3.1.1 5.1 0.4.4 C.3.1.2 
5.3.2.1 5.1 0.4.5 C.3.1.5 
5.3 .2.3 5.1 0.5 C.3.3.2 
5.3.2.6 5.10.6 C.3.4.l (b) 
5.3.3 5. 12.5 C.3.4.2 
5.3.4 5.12.6 CJ.5 
5.4. 1 5.12.10 C.3.7 
5.4.4 6.1 .1.1 C.3.8.1 (1.3) 
5.4.5 6. 1.2(Note) C.3.8.2 
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C.3.8.3 H.l.2 T.6.3 
C.3.10.1 H.l.3 T.6.4 
C.3.10.3 (b) I-!.2.2 (f. g. h) 1.7.1 
C.J.10.4 H.J !.7.3.2 (CA) 
C.3. 10.8 H.4.1 .6 J.7.6 
C.J.J0.9 H.4.1.7 J.l.2 
C.3.12.3 H.4.l.8 J.3.6.2 
C.3.13.2 H.4.1.9 J.3.7.1 
C.J.13.5 (Primary, Secondary Seal) H.4.1.10 J.3 .7.2 
C.3.14.1 (1 ) H.4.2.1.l J.J.8.2 
C.3.14.2 H.4.2.1.3 J.4.2.2 
C.3.14.4 H.4.2.2 Appendix l 
C.3.14.5 I-!.4.2.3.2 M.1.2 (Note) 
C.J.l4.6 H.4.3.3 M.2 
C.3.15.1 H.4.3.3.l M.4.2 (C) 
C.3.15.3 H.4.3.4 N.2.1 07 

C.3.15.4 (a , e) H.4.3.5 N.2.2 
E.l H.4.4 N.2.4 

E.J.J H.4.4.2 N.2.5 
E.4.J H.4.4.4 N.2.6 
E.4.2 H.4.6.J 0.2.2 
£.4.2.4 H.4.6.2 0.2.6 
£.4.4 H.4.6.3 0.3.1.4 
E.4.6. 1 H.4.6.5 P. l 
E.4.6.2 H.4.6.6 P.2.] 
E.5.1.2 HA.6.7 P.2.2 
E.6.1.3 I-!.4.6.8 P.2.8.1 
E.6.l.5 H.4.6.9 P.2.8.2 
E.6.1.6 U.S.J.l R.2 
£.6.2. 1.2 H.5.1.4 S.l.2 
E.7.2 H.5.2.1 Table S-1 a and S-1 b (Notes 1. 2. 3, 5) 08 
E.7.5 H.5.2.2.1 S.2 .1 .1 
F.5.l H.5.2.2.3 S.2.2 
F7.4 115.3.1 S.J.I 
Gl.3.2 I-!.5.3.2 S.3.2 (G, CA) 07 
Gl.3.3 H.5.3.3 S.4.3.2 
Gl.4.l H.5.5.3 S.4.4.3 
G l.4.2 H.5.6 S.4.5.1 
G1.4.4 H.5.7 Tables S-2a and S-2b (Notes 2. 3) 
G2.1 H.5.8 Tables S-3a and S-Jb (Note 4) 

011 

G2.4 H.5.9 S.4.9.2 
G4.3 H.6.1 S.4. I 0.2 (a, f) 
G5.3 H.6.2 S.4. 10.3 
G6.2 H.6.4 (Note) S.4.13 
G7 H.6.6 S.6 (a) 
G8.3 H.6.6.1 UJ.l 07 
G9 1.1.2 U.3.3 
G 10.1.1 J.l.3 U.3.5 
G.l0.1.2 I.2 (c) U.4.3 
Gll.J 1.5.5 Appendix V 
H. I. I L6.2 AppendixW 



APPENDIX M-REQUIREMENTS FOR TANKS OPERATING AT 
ELEVATED TEMPERATURES 

M.1 Scope 
M.1 .1 This appendix spE:>.cifies additional requiremems for API Stcl 650 tanks wlth a maximum design temperature exceeding 
93°C (zoo•F) but not exceeding 260°C (500°F). 

M.1.2 The foflowing shall not be used for a maximum desjgn temperature above 93°C (200°F): 

a. Open-top tanks (see 5.9). 
b. Floating-roof tanks (see Appendix C). 
c. Structurally-supported aluminum dome roofs (see G J .l and note below). 
d. lnternaJ .floating mofs constructed of alurnjnum (see H.2.2 and note below). 
e. Internal noating roofs constructed of composite material (see H.2.2). Lower temperature limits may apply for I his roof mate- 07 

riaJ type. 

• Note: An exception may be made by tJ1e Purchaser for Items c und d, if the following criteria are met: 1l 

a. Allowable stress J'eductions for aluminum alloys are determined in accordance with Appendix AL. and alloys are evaluated for the potential 08 
of e-xfoliation. 
b. Gaskets and seals are evaluated for sultabllity at U1e maximum design teu1perature. 

M.1.3 Internal floating roofs in accordance with Appendix H may be used for a maximum design temperature above 93oC 
(200°F) . subject to the applicable requirements of Ibis append1x. The vapor pressure of the liqwd must be considered. Sealing 
devices, particularly Uwse offabric and nonmetallic materials. shall be suitable for the maximwn design temperature. 

M.1 .4 Tanks for small internal pressures in accordanc·e wi01 Appendix F may be used for a maximum design temperature above 07 

93°C (200°F). subject to the requirements ofM.3.6, M.3.7, and M.3.8. 

M.1.5 Shop-assembled ranks in accordance with Appendix J may be used for a maximum design temperature above 93gC 
(200°F), subject to the appJkable requiremer1ts of this appendix. 

M.1.6 The nameplate of the tank shaJI indicate that the tank is in accordance with this appendix by the addition of M to the 
infom1ation required by 1 0.1.1. In arldition, the nameplate shall be marked wiUl the maximum design temperature in the space 
indicated in Figure 10-1. 

• M.2 Thermal Effects 
This appendix does not provide detailed rules for limiting loadings and strains resulting from thermal effects, such as differentia l 
thermal expansion and thennal cycLing, that may exist in some ranks operating at elevated temperntures. Where significant ther
mal effects will be present. it is the intent of Hlis appendix that the Purchaser define such effects. The Manufacturer shall propose. 
subject to the Purchaser's acceptance, details that wil l provide strength and utility equivalent to those provided IJy the uetails spec
ified by this Standard in the absence of such etlects. 
For a maximum design temperature above 93~c (200°F). particular consideration shoultl be given to the following tl1en11al effects: 1 07 

a. Temperature differences between the ta11k bottom ami the lower portion of the shell. Such thermal differences may result from 
factors such as the method ami sequence of fiJiing and heating or cooling, the degree of internal circulation. and heat losses to the 
foundation and from the shell to the atmosphere. With such temp~~rature differences, it may be necessary to provide for increased 
piping flexibility. an improved bottom-to-shell jolnt. and a thicker annular ring or bottom sketch plates to compensate for 
jncreased rotation of the bottom-to-sbell joint (see M.4.2) . 
b. The ability of the hottom to expand thermally. which may be limited by the method of filling and heating. With such a condi
tion, it may be necessary to provide improved bottom welding in addition to the details suggested in Item a. 
c. Temperature differences or gradients between members, such as the shell and the roof or stairways. the shell and stiffeners. the 
roof or shell and the roof supports. and locations with insulatjon discontinuities. 
d. WheU1er or not the contents are aUowed to solidify and are later reheated to a liquid. including the effect on columns. beams. 
and rafters. The possible build-up of solids on these components and the potent]al for plugging of the vent sysrem should also be 
considered. 

M-1 
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e. The number and magnitude of temperature cycles the tank is expected to undergo during its design life. 

M.3 Modifications in Stress and Thickness 

I M.3.1 For a maximum design temperature not exceeding ~l3°C (200°F). U1e allowable stress specified Jn 5.6.2 {see Tables 5-2a 
08 and 5-2b) for calculating shell thickness need not be modified. 

M.3.2 For a maximum design temperature exceeding 93°C (200"F). the allowable stress specified in 5.6.2 shall be modifled as 
follows: The allowable stress shall be two-thirds the minimum specified yield strength of the material muJtipUed by the applicable 

08 1 reduction factor given in Tables M-la and M-1 b or the value given in Tables 5-2a and 5-2b for product design stress. whichever is 
less. 

Of! 

07 

08 I 

{)!) I 
oq 

08 

M.3.3 For operating temperatures exceeding 93°C (200°F), the yield strength Fy in 5.10.4.4 shall be multiplied by the applica
ble reduction factor given in Tables M-la and M-lb. 

M.3.4 The allowable stress of 145 MPa (21.000 lbf/in2) in the equation for shell-plate thickness in A.4.1 shall be multiplied by 
the applicable reduction factor given in Tables M-la and M-1 b. 

M.3.5 The requirements of 5. 7.5 for shell manholes, 5.7.7 for Oush-type cleanout fittings and of 5.7 .8 for flush-type shell con· 
necUons shall be modified. The thickness of bottom reinfordng plate for flush-type shell cleanouts and flush-type shell connec
lions and bolting Oange and cover plates for shell manhole and Oush-type shell cleanouts shall be multiplied by the ratio of 
205 MPa (30,000 lbf/in.2) to t·he mate1ial yield strength at I he maximum design temperature if the ratio is greater than one. 

M.3.6 The structural allowable stresses specified in 5.10.3, including the allowable stresses depenctent on the modulus of elas
ticity. shall be multiplied by the yielcl strength reduction factors from Tables M-Ia and M-1 bat the rnaxirnurn design temperature. 

M.3. 7 Text deleted. 

M.3.8 Text deleted. 

M.3.9 If the anchors are insulated, the allowable stresses specified in Tables 5-21 a. 5-2lb and 5-22a and 5-22b shall be multi
plied by the ratio of the matelial's yield strength at the maximum design temperature to 205 MPa (30,000 lbf/in.2) if the ratio is 
less than l.O (see Tables M-Ia and M-1 b for yield strength reduction factors). 

Table M-la-(SI) Yield Strength Reduction Factors 

Minimum Specified Yield Strength (MPa) 

Temperarure 

<•c) < 310 MPa From 2:310 lo < 380 MPa 2: 380 MPa 

94 0.91 0.88 0.92 

L50 0.88 0.81 0.87 

200 0.85 0.75 0.83 

260 0.80 0.70 0.79 

Note; Linear interpolation shalll.Je applied for iutermediate values. 

Table M·1b-(USC) Yield Strength Reduction Factors 

Minimum Specified Yield Strengrh (lbf/in.2) 

Temperature 

(•F) < 45.000 lbf/in.2 2: 45,000 to < 55.000 lbflin.2 ;::: 55.000 Jbf/in.2 

201 0.91 0.88 0.92 

:$00 0.88 0.81 0.87 

400 0.85 0.75 0.83 

!iOO 0.80 0.70 0.79 

Note: Linear Interpolation shall be applied for intermediate values. 
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M.4 Tank Bottoms 
M.4.1 Tanks with diameters exceeding 30m {100ft) shall have butt-welded annular bottom plates (see 5.1.5.6). 

M.4.2 The following simplified procedure is offered as a recommended design practice for elevated-temperature tanks where 
significant temperature dlfferences between the tank bottom and the lowest shell course are expected. The use of the procedure is 
not i11tended to be mandatory. lt is recognized that other analytical procedures can be employed as well as that operating condi
tions may preclude the need tor such a procedure. 

Shell-to-bottom junctions in elevated-temperature tanks may be evaluated for liquid head and temperature cycles with the fonnu
las. procedures, and exclusions given below. (See Conditions a and bin the note below, which exclude tanks from such analyses.) 

Note: A cyclic design life evaluation need not be made if all the criteria of either or the followiug r.ondltlons are met: 

a The design temperature dUTerence (:/) is less than or equal to 220DC (400•F), K is less than or equal to 2.0, and Cis Jess -than or equal to 0.5. 
b. A heated liquid head. In feet greater than or equal to 0.3(D40.5 is normally maintained in the tank. except for an occasional cool-down 
(pbout once a year) to ambient temperatures; Tis less than or equal to 26o•c (500°F); and K is less than or equal to 4.0. (For background Infor
mation on the developnwnl of U1e stress formulas, design life criteria. and C :md B factors. see G. G. Karcher ... Stresses at 1 he Shell-to· Bottom 
Junction of Elevated-Temperature Tanks.'') 

Jn Sf Ullits: 

(If N is greater than or equal to 1300, cycling at the shell-to-bottom junction is not a controlling factor.) 

where 

N: number of design liquid level and temperature cycles estimated for the tank design life (usually less than 1300). 
This design procedure contains a c.:onse1vative safety margin. It is not necessary to monitor actual in-service temper
ature and liqujd head cydes 

J< = stress concentration factor for the bottom plate at the toe of the inside shell-to-boltom nJiel weld 

4.0 for shell-to-bottom fillet welds and lap-welded bottom plates 

2.0 for burt-welded annular plates where the shell-to-bottom fillet welds have been inspected by ] oo•x, magnetic 
particle examination (see 8.2). This magnetic particle examination shall be performed on the root pass at evei)' 
13 mrn of deposited weld met<~ I while the weld is being made and on the completed weld. The examination shall be 
performed before hydrostatic testing 

S= 0.02802 ~25 x[58H~+ 26.2C!f·; 4.8BSyl! _ J 
I (Dl) 0

·" Dta (Dt)'-5 J 
one-half the maximum stress rru1ge that occurs in the annular plate at tlte shell-to-bottom junction weld, in MPa. 
·n1e Hand CTtem1s must be large enough to cause a positiveS. A negativeS indicates that loading conditions are 
not sufficient to satisfy the development assumptions of this formula. Specifically stated. rhe following lnequa li tv 
must be satisfied wheJ'Ithe equation for S is used: 

[
58HG 26.2 CTt

0
'" c] 4.BBS,t~ --+ - > _---,.:7' 

(Dt)05 Du ( Dr)' .s 

When tl1e equation for Sis used. the shell thickness 1 must be greater than or equal to the annular-plate thickness t6 

T ~ d1fference between the minimum ambient temperature and the maximum design temperature (°C) 

Sy = specifled minimum yield strength of the bottom plate at the maximum design temperature (MPa) 
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D = nominal tank diameter (m) 

H = difference in fi iLLng height between the full level and the low level (rn) 

C = design specific gravity of the liquid 

t = nominal thiCkness of rhe tanl~ ·s bottom shell course (mm) 

It, = nominal tl1ickness of the awlUlar bottom plate (mm) 

C = factor to account for radial restraint of the tank ·s shell-to-bottom junction with respect tn free thermal expansion 
(Cmax = 1.0; Cmin = 0.25) . The 3ctual design value of Cshall be established considering lhe tank·s operating and 
warm-up procedure and heat transfer to the subgrade2!l 

0.85 if no C factor is specified by lhe Purchaser 

B = foundation factor29 

2.0 for tanks on earth foundations 

4.0 for tanks on earth foundations with a concrete ringwall 

rn US Customary units: 

= (] .4 X 10'\ W 
N I<S ) 

(If N is greater than or equal to 1300, cycling at the shell-t.o-bottom junction is not a controlling factor.) 

where 

N • number of design liquid level and temperature cycles estimated for the tank design life (usually less lhan 1300). 
This design procedure contains a conservative safety margin. It is not necessary to monitor actual in-service temper
ature and Uquid head cycles 

f( = stress concentration factor for the bottorn plate at the toe of the inside shell-to-bottom ftllet weld 

4.0 fo1 sheH-to-bortom fillet welds and lap-welded bottom plates 

2.0 for burt-welded annular plates where lhe shell-to-bottom fillet welds have been inspected by 100% magnetic parti
cle examination (see 8.2). This magnetic particle examination shall be performed on the roof pass at every lfz in. of 
depos.ited weld metal while lhe weld is being made and on the completed weld. The examination shall be perfoliJ1ed 
before hydrostatic testing 

one-half the maximum stress range that occurs in the annular plate at lhe shell-to-bottom junction weld. in pounds 
per Sf]uare inch. The Hand CTterms must be large enough to cause a positiveS. A negative $indicates that loading 
conditions are not suff1cient to sillisfy the development assumptions of this formula. Specifically stated. the follow
ing inequa lity must be satisfied when the equation for Sis used: 

--+ G >.:::::.z.:.!!. 
[
6.3HG_' 436CTf

5 J BS l· 
(Dt)0

'
5 D 1 5 (Dt) '~ 

When the equation for Sis used, the shell thickness 1 must be greater than or equal to the annular-plate thickness tb 

29G. G. Karcher. "Stresses a1 the Shell-to-Bottom Junclion of Elevated-Temperature Tanks: 1981 Pmce('(}iJJgs- Rr>llnlng Dtpan.tnem. 
Volume 60. American Petroleum Institute, Washington D.C. 1981, pp. 154 - 159. 
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I dlfl'erence between the minimum ambient temperature and the maximum design temperature (of) 

51 specified minimum yield strength of the bottom plate at the maximum design temperature {lbf/in.~ . 

D "' nominal tank diamett>r (ft) 

H = difference in filling height between the full level and the low level (ft) 

G = design specific gravity of the liquid 

I = nominal thickness of the tank's bottom shell course (in.) 

t11 ~ nominal thickness of the annular bottom plate (ln.) 

M-5 

C = factor to account for radial restraint of !Jle lank's shell-to-bottom junction with respect to free therrnal expansion 
(Cmnx " l.O; C111r11 " 0.25). The actual design value of Cshall be f\Siablished considering the tank·s operati ng and 
warrn-up proredurt> and ht>at transfer to the subgradel9 

0.85 if no C factor is specified by the Purchaser 

B = foundation fattor29 

2.0 f01 tanks on ea1th foundations 

4.0 for tanks on earth foundations with a concrete ringwall 

M.5 Self-Supporting Roofs 

M.5.1 The requirements of 5.10.5 and 5.1 0.6. which are applicable to self supporting roofs. ~hall be modified. For a maxi
mum design tent perature above 93•c (200°F). the calculated nominal thickness of roof plates, as deftned in 5.1 0.5 and 5.10.6. It • 
shall be increased by the ratio of 199.000 MPa (28.800.000 lbf/in.2) to the material's modulus of elasticity at the maximum 
design temperature. 

M.5.2 Table!> M-2a and M-21) shall be used to determine the material's modulus of elasticHy at the maximum opemting tern 108 
perature. 

M.6 Wind Girders 

Tn the equation for the maximum height of w1stiffencd shell in 5.9.7. 1. the maximum height (J-/1) shall he reduced by the ratio of 1 Ofl 
the matl'rial 's modulus of elasticity at the maximum rlesign temperature to 199.000 MPa (28.800.000 lbf/in.2) when the ratio is 
less than 1.0 (see Tables M-2a and M-2b for modulus of elasticity values). 

Table M-2a-(SI) Modulus of Elasticity at the Maximum Design Temperature 

Maximum Design 
Temperature 

·c 
93 

150 

200 

260 

Modulus of Elasticity 

MPa 

199.000 

195.000 

191.000 

188,000 

Nme: Linear interpola1ion shall bP applied for 
intermediate values. 
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Table M-2b-(USC) Modulus of Elasticity at the Maximum Design Temperature 

Maximum Design 
Temperature 

•F 

200 

300 

400 

500 

Modt~us of Elasticity 

lbf/in.2. 

28.800,000 

21l,300,000 

27.700,000 

27.300,000 

Note: Linear interpolation shall be applied for 
intermediate values. 



APPENDIX N-USE OF NEW MATERIALS THAT ARE NOT IDENTIFIED 

N.1 General 
New or unused plates and seamless or welded pipe that are not completely identified as complying with any listed speciflcalion 
may be usell in the construrlion of' tanks covered by this Standard. under the conditions specifled in N.2. 

N.2 Conditions 
• N.2.1 A material may be used if an auU1enlic test record for each heat or heat-treating lot of material is available that proves that 

the material has chemical requil'ements and mechanical JlrOperties within the permissible range of a specification listed in this 
Standard. If the test requirements of the listed specification are more restrictive than any specification or au Olen tic tests that have 
been reported for the material. more restrictive tests shall be pe1fonned in accordance with the requirements of the listed speci-fi
cation. and the results shall be submitted to the Purchaser for approval. 

• N.2.2 If an authentic test record is not available or if aU the materia1 cannot be positively identified with the test record by legi
ble stamping or marklng, the following requiremenls apply: 

a. Each plate shalllJe subjected to the chemical analysis and physical tests required by the designated spetitkation, with the fol
lowing modifications: The carbon and manganese contents shall be determined in all check analyses. When the des.ignated 
specification does not specify carbon and manganese Hmits, the Purchaser shall decide whether these colltents are acceptable. 
When the dlrection of rolling is not deflnjtely known. two tension specimens shall be taken at right angles to each oUler ffom a 
corner of each plate, and one tension specimen shall meet the specification requirements. 
b. Each length of pipe shall be subjected to a chemica] check analysis and sufficient physical rests to satisfy the Purchaser that all 
of I he material is properly identified with a given heat or heat-treatment lot and that the chemical and physlcaJ requirements of the 
designated specification are met. Material specified as suitable for welding, cold bending, close coiling, and Lhe like shall he given 
sufficient check tests to satisfy the Purchaser that each length of material is suitable for the fabritarion procedure to be used. 

N.2.3 Charpy V-notch impact tests must be performed when required by Figure 4- I to verify that the mal erial possesses the 
toughness required by Tables 4-4a and 4-4b. I os 

• N.2.4 After a material is properly identified with a designated specification and the Purchaser is satisfied that the material com
plies with the specification in all respects. lhe testing agency shall stencil or otherwise mark. as permitted by the specification. a 
serial S number on each J.llate or each length of pipe (or as altematively provided for small sizes in the specification) in the pres
ence of the Purchaser. 

• N.2.5 Suitable report forms clearly marked "Repoli on Tests of Nonidentified Materials" shaJJ be fumlshed by the tank Manu
facturpr or testing agency. The forms shall be properly filled out. certified by the testing agency. and approved by the Purchaser. 

• N.2.6 The Purchaser shall have the 1ight to accept or reject the testing agency or rhe test results. 

N.2. 7 The requirements for fabrication applicable to the designated specification to which Ole nonidentifie<l mateJia l COITe
sponds shall be foJJowed, and the allowable design stress values shall be those specified in this Standard for the corresponding 
specification. 

N-1 



APPENDIX 0-RECOMMENDATIONS FOR UNDER-BOTTOM CONNECTIONS 

0 .1 Scope 
This appendix contains recommendations to be used for the design and construction of 11nder-bottom ronnrc:tions for storage 
ranks. The recommendations are offered to outline good practice and to point out certain precautions that are to be observed. Ref
erence should be rnade to Appendix B for considerations involving foundation and subgrade. 

0.2 Recommendations 

0 .2.1 The recommendations of this appendix are intended for use only 1.vhere significant foundation setllement is not expected. 
It is nol possible to establish precise limits. but if predicted settlement exceeds 13 mm (1/2 in.) . the recommendations should be 
subjected to detailed engineering review for possible additions, modificalions, or elimination of bottom connections. Pa1ticular 
consideration shall be given to possible differentjal settlement in The immediate area of the bolt om connection and with respect to 
connecting piping. 

• 0 .2.2 The arrangement and details of bottom connections may be varied to achieve d1e utiJjty, tightness, and strength required 
for the prevailing foundation conditions. The details shown in Pigures 0 -1. 0-2, and 0-3 are examples. Figures 0-1 and 0-2 
show details used on a concrete ringwall foundation. but similar designs may be used on earth foundations. Figure 0 -3 sbows 
another detail used on earth foundations. Other arrangements of foundation and connection (including combination sump and 
pipe) may be used under the provisions of 0. 2.6. When required by the Purchaser. seismic considerations (see Appendix E) shall 
be included. 

0.2.3 Support of the pipe by the soil and bottom connection shall I.Je evaluated to confirm adequacy and resistance to liquid, 
static, and dynamir loads. Both deflection and stress shaH be considered in the evaluation. 

0 .2.4 Consideration shall be given to predicted settlement that would affect the rdative positions of the tank and pipe 01 pipe 
supports outside the tank (see 0.2.1). 

0 .2.5 Bottom connections used ln floating-roof tanks shall be provided with a baffle to prevent impingement of the inlet prod· 
oct strean1 directly against the floating roof. 

• 0.2.6 All details are subject to agreement between rhe Purchaser and the Manufacturer. 

0.3 Guideline Examples 

0 .3.1 CONCRETE VAULT AND RINGWALL (SEE FIGURES 0 -1 AND 0 -2) 

0 .3.1.1 The concrete ceiling vauJt shown ln Figure 0-2 provides improved support of tbe tank bottom and shell and provides 
more uniform reinforcing-bar distribution around the ting,.vaJI opening than the details shown in Figure 0 -1 provide. 

0 .3.1 .2 Particular atlenlion is required for the backfill speciAcations and placement of d1e backfill around the vault area and 
around the inside of the entire ringwalJ. Compaction shall be adequate to prevent significant localized settlement. 

0 .3.1.3 Consideralion should be given to ll1e soil characteristics at the different elevations at the bottom of the ringwall and the 
vault. especially for the deeper vaults to accommodat·e the larger connections. 

• 0 .3.1.4 Recommended details and dimensions are shown in Figure.s 0 -l and 0 -2 and Tables 0 -1 a and 0 -lb. Dimension K is 1 08 
considered adequate to place the connection out of the innuence of shell-to-bottom rotation when the tank is statically loaded. 
Seismic loading shall be analyzed for ad<.li!ional considerations. The method shall be a matter of agreement between the Manufac-
turer and the Purchaser. Wlleu !he tank bottom has annular plates (thicker than the tank uollom), it is recommended either to pro-
vide at least 300 mm (J 2 in.) between the edge of the pipe connection or reinforcing plate and the inner edge of the annular plate 
or to locally extend the annular plate, thickened jf necessary. to encompass the bottom connection. The dimensions in Tables 0-1 a I 

08 and O·lb mC~y be changed to adlieve desired clearances for installations, inspections. and the like. 

0.3.1.5 Concrete walls. floors. and ceilings shall be designed to mret the minimum requirements of ACI 318 and local soil 
conditions. 

0-1 
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Table 0-1a-(SI) Dimensions of Under-Bottom Connections 

lntet 
Diameter mm 

NPS 
D Bl2 E F c H J K L W/2 jli S[D 

6 525 225 350 750 575 300 1125 1975 925 16. ST4WF8.5 

8 550 250 400 825 650 300 ll50 2050 950 16 ST4WF8.5 

12 600 300 450 875 750 300 1200 2J50 1000 16 ST6WFJ3.5 

18 675 375 500 950 900 300 1300 2325 1075 16 STGWF13.5 

24 750 450 600 1050 1075 300 1400 2550 11 50 16 ST6WP13.5 

30 850 525 750 1150 1300 300 1500 2750 1225 16 ST6WFI3.5 

36 925 625 925 1275 1550 300 1625 3000 1300 16 ST8WF18.0 

42 1000 700 1075 1375 1775 300 1725 3200 1375 16 ST8WF18.0 

48 1075 825 1225 1475 2025 100 1825 3400 1450 16 ST8WF18.0 

8Applies only to Figure 0-1 For tank heights greater than 19.2 mm - 21.6 mm inclusive, 19-mm plate shall be used. Tshall not be less than the 
Lhickness of I he annular plate. 
llOther composite sections may be used ro support the load. 
Nole; See Figures 0-1 and 0-2. For diameters not shown, the dimensions of the ne.xt larger size shall ue used. 

08 
Table 0 -1 b- (USC) Dimensions of Under-Bottom Connections 

Tnlel 
Diameter in. 

NPS 
D B/2 1:.' F c H J !( L 1'11'2 ]ll SJi' 

6 21 9 14 30 23 12 44 78 3G 5fs ST4WF8.5 

8 22 10 16 32 26 12 45 81 37 5fs ST4WF8.5 

12 24 12 18 34 30 12 47 85 39 % ST6WF13.5 

18 27 15 20 37 35 12 51 92 42 r,/s ST6WFI3.5 

24 30 18 24 41 42 12 55 100 45 % ST6WFJ3.5 

30 33 21 30 45 51 12 59 108 48 5ts ST6WF13,5 

3G 36 25 36 50 61 12 64 IL8 51 % ST8WFI8.U 

42 39 28 42 54 70 12 68 12G 54 5/s ST8WF18.0 

48 42 32 48 58 80 12 72 134 57 ~Ia ST8WJ1J8.0 

a Applies only to Figure 0-1. Forrank heights greaterthan 64ft-72ft inclusive. 3f4-in. plate shall be used. Tshall not be less tltru•the thickness of 
the annular plate. 
hOt her composite sectlons may be used to suppon the load. 
Note: See Figures 0-1 and 0 ·2. For diameters not shown. t:he dimensions of the next larger size shall be used. 

0 .3.2 EARTH FOUNDATION (SEE FIGURE 0-3) 

0.3.2.1 The derail shown in Figure 0-3 provides an alternative arrangement for tanks where a concrete ringwaU is not 
provided. 

0.3.2.2 Soil and backfill support capability shal l be evaluated to ensure that reasonably uniform settlement (if any) will occur 
under the loads imposed. 

0 .3.2.3 When me pipe is connected to the bottom at an angle. consideration should be given to design for unbalanced forces if 
the pipe is trimmed flush with the bottom. 

0.3.2.4 When seismically-induced loadings are specified. such loadings under the tank bottom and shell shall be considereu 
when the depth and type of backfill around and over the pipe are selected. 
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Annular or 
/ sl\etch plate 

See Detail c l 
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Detail a 

Annular or --.J-. Shell 
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sketch plate 

End of beam 
must be over wall 

PLAN VIEW 
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SECTION A-A 
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L,2 ~ 
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100 mm (4 in.) projection 
beyond centerline 
of shell plate 

~-.---:7"25 mm (1 1n.) min 
grout or fiberboard 
(also around top 
of vault wall) 
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1--i 
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(12 in.) min 

Support plate 
optlonal 

(depending 
on nozzle 

load) 

Detail b 
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Alternative 'J-T 

backup ring 

Detail c 

Steel beam to support all 
calculated loads at shell 

Pipe 

' __ _./ See Detail a 
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fiberboard / / / / 

/ /// 
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/ / / / 

/ // / -
/ / / 

// // / 
t"'--- _----'--' / / / / / / ____ _ / ///// 
-------" / // 
------- / / 30" -======:,; / ~max 

Reinforcing bars to be continuous 
around vault opening 

VIEWB- 8 
(tank shell om11ted for clarity) 

Figure 0-1-Example of Under-Bottom Connection with Concrete Ringwall Foundation 
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Tank bottom 

1 
Annular plate (see note,._)....r-..".__..,'""'-

Ringwall 

Shell plate 

i 
A B/2 A 

~~~~~~~_l~ + 

See Detail b 

rank bollom 

t 
25mm 

(1 in.) min 

PARTIAL PLAN VIEW 

As required 
for clearance K 

B-j-

Siab roof to be designed 
to carry liquid load over 

.- the opening 

t 

Detail a 

Alternative backup ring --..._ 
13mm ---. 

Grout (1/2 in.) min 
I 

Detail b 

Pipe 

Thrust block Design support as 
required to support load 

s+ 
Nozzle support 

Reinforcing bars to be continuous 
around vault openlng 

SECTION A-A 

optional 
(depending on load) 

Note: If sketch plates are used, a full plate shall be located over the vault. 

VIEW B-B 

Figure 0-2-Example of Under-Bottom Connection with Concrete Ringwall Foundation 
and Improved Tank Bottom and Shell Support 



SECTION C-C 

WElDED TANKS FOR OIL STORAGE 

-1.2 m (4ft >--~------~am (10ft) min 

-Tank shell 
75 mm (3 in.) min of compacted crushed 

stone, screenings, fine gravel, clean 
sand, or similar material 

I 

Undisturbed soil 

Thoroughly compacted fill of 
gravel, coarse sand, or 
other stable material 

75 mm (3 in.) min of compacted crushed 
stone. screenings, fine gravel, clean 
sand. or similar material 

300mm 
(12 in.) min 
~-~~~. 

Thoroughly compacted fill of 
gravel. coarse sand. or 

other stable material 

Detail a 

150 mm (6 in.) layer of oiled sand 

r Bevel pipe after cutoff 

~ottompl"' 
Alternative backup ring 

Detail b 

Note: This type of connection shall not be used for tanks with a diameter of less than 6 m (20 fl) . 

Figure 0-3-Example of Under-Bottom Connection with Earth-Type Foundation 
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APPENDIX P-ALLOWABLE EXTERNAL LOADS ON TANK SHELL OPENINGS 

• P.1 Introduction 

This appE'ndix shal l be osed (unless specified otherwise by the PurchaSE'r on Line 29 of the Data Sheet) for tanks larger than 36m I 
07 (120 fl) in diameter. and only when specified by the Purchaser for tanks 36m (120 fl) in d.ian1eter and smaller. See W.2(5) for 

additional requirements. 
This appendix presents two different procedures to determine external loads on tank shells. Section P.2 establishes limit loads and 
P.3 is based on allowable stresses. This appendix is based on 1-1. 0. Billimoria and J, Hagstrom 's "Stiffness Coefficients and 
Allowable Loads for Nozzles in Flat Bottom Storage Tanks'' and H. D. BiiUmoria and K. K. Tam 's "Experlmentt;ll Investigation 
of Stiffness Coefficients and Allowable Loads for a Nozzle in a Flat Bottom Storage Tank." 

P.2 Limit Loads 

• P.2.1 SCOPE 

This appendix establishes requirements for the design of storage-tank openings tJ1at conform to Tables 5-6a arHl 5-6b and 1 os 
will be subjected to externaJ piping loads. The requirements of tJ1is appendlx represent accepted practice for the design of 
sheiJ openings in rhe lower half of the boll om shell course that have a mjnimurn elevation from tJ1e tank bollom and meet 
the requirements of Tables 5-6a and 5-6b. It is recogni.zed that the Purchaser may specify otJ1er procedures. special ft~ctors , 1 os 
and additional requirenlerrts. Any deviation from these requirements shalliJe mutually agreed upon by the Purchaser and 
the Manufacturer. 

• P.2.2 GENERAL 

The design of an external piping system that will be connected to a thin-walled, large-diameter cylindrical vertical storage t'cmk 
may pose a problem in the analysis of the interface between the piping system and the tank opening connections. The piping 
designer must consider the stiffness of ilie tank shell and the radial deflection and meridional rotation of the shell opening at 01e 
opening-shel l connection resulting from product head, pressure. anclunifonn or differential temperature between the shell and the 
bottom. The work of the piping designer and the tank designer must be coordinated to ensure t·hat the piping loads imposed on 01e 
shell opening by the connected piping are within safe limits. Although three primary forces and three primary moments may be 
applied to the mld"surface of the shell at an opening connection. only one force. F R· and two moments. !v[j and Me. are normally 
considered sign incant causes of shell deformation (see P.2.3 for a descri ptlon of the nomenclature). 

P.2.3 NOMENCLATURE 

a = outside radius of the opening connection (mm) (in.) 

E : modulus of elasticity (MPa) (lbf/in. 2) (see Tables P-1 a and P-1 b) 

FR = radial thrust applied at the mid-surface of the tank shell at the opening connection (N) tlbf) 

Fp = pressure end load on the opening for ti.Je pressure resulting from U1e design product head at ilie elevation of the 

opening centerHne, na2 P (N) (lbf) 

G = design specific gravity of the liquid 

H = maximum allowable lank filling height (mm) (iu.) 

Kc = stiffness coefficient for the circumferential moment (N-rnm/radian) (in.-lbf/radian) 

Kr = stiffness coefficient for the lo1igitudinal rllomenc (N-nnn/radian) (in.-lbf/radian) 

f(R = stiffness coefficient for the radial thrust load (N/nun) (lbf/in.) 

L = vertical distance from the opening centerline to the tank bottom (mm) (in.) 

Me = circumferential rnomenl applied to the mid-surface of the tank shell (N·nun) (in.-lbt) 

ML = longitudinal moment app11ed to the mid-surface of the tank shell (N-rnm) (in.-lbf) 

P-1 
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Table P-1 a-(SI) Modulus of Elasticity and Thermal Expansion Coefficient at the Design Temperature 

Design Modulus of Elasticity Temperature (MPa) Thermal Expansion Coefficient~ 
·c E (mm x to-GJ[mm "C]) 

20 203,000 

!)3 199,000 12.0 

150 195,000 12.4 

200 191.000 12.7 

260 188,000 13.1 

"Mean coefficient of thermal expansion, going from 2o•c to the temperature htdictlled. 
Note: Linear inteqJOlarion may be applied for intermediate values. 

Table P-1 b-(USC) Modulus of Elasticity and Thermal Expansion Coefficfent at the Design Temperature 

Design Modulus of Elasticity Temperature (lbflin.Z) Thermal Expansion Coefficiema 
(in. x J0-6 per in.· •F) OF £ 

70 29,500.000 

200 28,800,000 6.67 

300 28,300,000 6.87 

400 27.700,000 7.07 

500 27.300,000 7.25 

aMean coefficient of thermal P.xpansion. going from 10•F to the temperature indicated 
Note: Linear interpolation may be applied for intermediate valul's. 

P = pressure resulting from product head at the elevation of the opening centerline (MPa) (lbf/in,2) 

R = nominal tauk radius (mm) (in.) 

t = shell thickness at the opening connection (mm) (in.) 

D.T = normal design temperature minus installadon temperature (oC) (of) 

W = unrestrained radial growth of !he shell (mm) (in.) 

WR = resulrant radial deflection at the opening connection (nun) (in.) 

XA = L +a (mm) (in.) 

Xs = L- a (mm) {in.) 

Xc = L (rnrn) (in.) 

Vc = coefficient determined from Figure P-48 

YF YL coefficients determined from Figure P-4A 

ex thermal expansion coefficient of the shell material (rnm/lmm-"CI) (in./lin.-"FJ) (see Tables P-Ia and P-1 b) 

p characteristic parameter, 1.285/(R/)0.5 (1/mrn) (1/in.) 

A. = a/(Rt)0.5 

e = unrestrained shell rotation resulting from product head (radians) 

ec = shell rotation in the horizontal plane at the opening connection resulting from the circumferential moment (radians) 
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e~_ = shell rotation in the vertical plane at the opening connection resulting from d1~ longitudinal moment (radians) 

P.2.4 STIFFNESS COEFFICIENTS FOR OPENING CONNECTIONS 

The stiffness coefficients KJ?, Kz.. and Kc corresponding to U1e piping loads FR. !v[j_, and Me at an open.ing connection. as shown 
in Figure P-1, shall be obtained by the use of figures P-2A t11rough P-2L. Figures P-ZA through P-2L shall be used to interpolate 
intermediate values of coefficients. 

P.2.5 SHELL DEFLECTION AND ROTATION 

P.2.5.1 Radial Growth of Shell 

TI1e unrestrained outward radial growth of the sheU at the center of the opening connection resulting from product head and/or 
thermal expansion shall be determjned as follows: 

lo SI units: 

W 9.8 x w-"cHTt [I -~ ' (AL) L] RAJ' = Et x - e cos ~-' - H + a '-' 

In US Customary u11its: 

W 0.036GHJ?l [t -~L ("L) LJ RAT = x - e cos 1-' - - + a u 
Et H 

P.2.5.2 Rotation of Shell 

The unrestrained rotation of the shell at the center of the nozzle-sheU connection resulting from product head shal l be determined 
as follows: 

ln Sl units: 

In US Customary units: 

e _ 0.036GHJ?l j I n. -6/l (AL) . (AL))} 
- Et x l H- 1Je cos ~-' + stn ·"' 

P.2.6 DETERMINATION OF LOADS ON THE OPENING CONNECTION 

The relationship I.Jetween the elastic defonnation of the opening connection and the external piping loads is expressed as follows: 
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Re1nforcement on shell 

., 
~ 1 X 10 ~1 
c: 
c: 
0 
~ 

~ 
-m 
'5 1 X 10"1 
~ 

.E 
~ 
~ 
K 

UJ 
~ 

"' ~ 
1 X 10·• 

c ., 
·u 
!E 
QJ 
0 
0 
lfl 

"' 
1 )( 10"5 

QJ 

~ 
U5 

1 \c 10 ~ 
0 0 0 C) 0 00 C) 0 0 
0 C) 0 0 0 000 0 0 
I") ...,. I() <0 I'- IX) 0> 0 0 0 

~ N M 

Figure P-1 -Nomenclature for Piping Loads and Deformation 

I<N. KL. and Kcare the shell stiffness coefficients determined from Figures P-2A through P-2L. ltt'J?. e, .. and ecare 1he resultant radial 
deflection and rotation of the shell at the opening connection result1ng from the piping loads FR, M1. and Me and the product bead. 
pressure. and uruform or differential temperature between the shell and the tank bottom. FR, M,. and Me shall be obtained from anal
yses of piping flexibili ty based on consideration of the shell stiffness detennined from Figures P-2A through P-2L. the sheiJ deflec
tion and rotation determined as desclibed in P.2.5. l and P.2.5.2. and the rigidity and resn-aint of the connected piping system. 

P.2.7 DETERMINATION OF ALLOWABLE LOADS FORTHE SHELLOPENING 

P.2. 7.1 Construction of Nomograms 

u 1 P.2. 7 .1.1 Determine the nomlimensionaJ quantities XAI(ROo.s. XJJ(Rr)0.5, and Xd(RQIJ.5 for the opening configuration under 
consideration. 

P.2.7.1.2 Lay out!Wo sets of orthogonal axes on graph paper, and label the abscissas and ordinates as shown ln Figures P-3A 
and P-3B. where Yc- l1r-: and YL are coefficients determined from Figures P-4A and P-4B. 

P.2.7.1.3 Lay out two sets of orthogonal axes on graph paper. and label the abscissas and ordinates as shown in Figures P-3A 
and P-3B, where Yc. Yr: and Y1 are coefficients determined from Figures P-4A and P-48. 

P.2.7 .1.4 Construct four boundaries for Figure P-3A and two boundaries for Figure P-38. Boundaries b1 and l)2 shall be con
structed as lines at 45-degree angles between the abscissa and the ordinate. Boundaries CJ, Cz, and C3 shaiJ be constructed as lines 
at 45-degree angles passing through the calculated value indicated in Figures P-3A and P-38 plotted on the positive x axis. 

P.2.7.2 Determination of Allowable Loads 

P.2.7.2.1 Use Lhe values for Ff(, MJ .. and Me obtained fromlhe piping analyses to derermine the quantities (AI2YF) (FJ!Fp). 
(IJa>jJ(MLIFr). and (IJaYc)(MdFp). 

P.2.7.2.2 Plot the point (AIZY/HFr/Fp). (IJt:1YtJ(MdFr) on the nomogram constructed as shown in Figure P-5A. 

P.2.7.2.3 Plot the point (')J2YJ..](FJ/fp). (/JaYd(MdFp) on the nomogram constructed as shown in Figure P-58. 
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Reinforcement on shell 
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Figure P-2A-Stiffness Coefficient for Radial Load: 
Reinforcement on Shell (U2a = 1.0} 
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Figure P-28-Stiffness Coefficient for Longitudinal Moment: 
Reinforcement on Shell (U2a -= 1.0) 
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Reinforcement on shell 
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Figure P-2C-Stiffness Coefficient for Circumferential Moment: 
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Figure P-20-Stiffness Coefficient for Radial Load: 
Reinforcement on Shell (U2a = 1.5) 
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Figure P-2E-Stiffness Coefficient for Longitudinal Moment: 
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Figure P-2F- Stiffness Coefficient for Circumferential Moment: 
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R.einforcement on opening (neck} only 
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Figure P-2G- Stiffness Coefficient for Radial Load: 
Reinforcement in Nozzle Neck Only (U2a = 1.0) 
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Figure P-2H-Stiffness Coefficient for Longitudinal Moment: 
Reinforcement in Nozzle Neck Only (U2a = 1.0) 
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Reinforcement on opening (neck) only 
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Figure P-21-Stiffness Coefficient for Circumferential Moment: 

1 )( 10"2 

1 x 10"3 

1 x 1o·• 

1 X 10·$ 

1 X 10"6 

Reinforcement in Nozzle Neck Only (U2a = 1.0) 

0 
0 

"' 

Reinforcement on opening (neck) only 

I 
L/2a = 1.5 

~ 
~ 1- a /R = 0.005 

/ 
~'--, 

I'-

~ ~ 1--a /R =O.~ 
............ ~ 'i"-- ~ 

l~~> ~ 
~ 

a /R = 0.0~ 
R/t - r--

I 
0 0 00000 
0 0 00000 
V 10 <01'-COO>O 

~ ~ 
"-. 

0 g 
N 

Figure P-2J- Stiffness Coefficient for Radial Load: 
Reinforcement in Nozzle Neck Only (U2a = 1.5) 
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Figure P-2K- Stiffness Coefficient for Longitudinal Moment: 
Reinforcement in Nozzle Neck Only (U2a = 1.5) 
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Figure P-2L-Stiffness Coefficient for Circumferential Moment: 
Reinforcement in Nozzle Neck Only (U2a = 1.5) 
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0.1 or 
[1 .0 - 0.75X s f (R I )05

] , 

whichever is greater 

0.1 or 
[1 .0 - 0.75X AI (R I )0-~ ). 
whichever is greater 

Figure P-3A- Construction of Nomogram for b1, ~. c1. c2 Boundary 
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Figure P-3B-Construction of Nomogram for b1 , c3 Boundary 
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Two-thirds of the required reinforced area must be located 
within a + 0.5 (Rt)O.s of the opening centerline ~ 

1---L-1 

0 5 ~------+----+~--~-------+-------4 

~ 

0.7 
0.1 0.2 0.3 0.5 1.0 .2.0 

I= af (Rt)05 = (afR)(Rft )0 5 

Figure P-4A- Obtaining Coefficients YFand YL 

P.2. 7 .2.4 The external piping loads F{?, M1_. and Me to be imposed on the shell opening are acceptable if both points dete1mined 
from P.2.7 2 .2 and P.2.7 .2.3 Ue within the boundaries of the nomograms constructed for the particular opening-rank configuration. 

P.2.8 MANUFACTURER AND PURCHASER RESPONSIBILITY 

• P.2.8.1 The Manufacturer is responsible for furnishing to lhe Purchaser the shell stilfness coefficients (see P.Z.4) and the unre
strained shell deflection and rotation (see P.2.5). The Purchaser is responsible for furn ishing to the Manufacturer the magnitude of 
the shell-opening loads (see P.Z.6). The Manufacturer shall determjne. in accordance with P.Z.7. the acceptability of the shell
opening loads furnished by the Purchaser. Jf U1e Loads are excessive. the piping configuration shall be modified so that I he shell
opening loads fal1 within tl1e boundaries of the nomograms constructed as in P.2.7 .1. 

• P.2.8.2 Changing Lhe elevation of the opening and changing the thickness of the shell are alternative means of reducing 
sLresses, but because lhese measures tan affect fabrication, rhey may be considered only if mutually agreed upon by I he Purchaser 
and the ManufacMer. 
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1000 
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Two· thirds of the required reinforced area must be located 
within a + 0.5 (Rt )o.s of the opening centerline ~ 
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A..= a I (Rt ) 05 =(a 1 R) (R ll) o.s ------

Figure P-48-0btaining Coefficient Y c 
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P-2.9 SAMPLE PROBLEM 

P.2.9.1 Problem 

API STANDARD 650 

A tank is 80 rn (260 fr) in diameter and 19.2 m (64 ft) high. and its bouom shell course is 34 mrn (1.33 in.) !:hick. The tank has a 
low-type nozzle with an outside diameter of 610 mm (24 in.) in accordance wi~l APT Std 650, and the nozzle centerline is 

11 1 630 mm (24. 75 in.) up from the bottom plate, with reinforcement on rhe shell (see fjgure P-6). What are ~1e end conditions ( W. e. 
KR. KL. and Kc) for an analysis of piping flexibility? What are the limit loads for the nozzle? 

a = 305 mm (12 in.). 

L = 630 mm (24.75 in.). 

H = 19,200 mm (64 >< 12 = 768 in.). 

11 1 t. r = go· - 2o· = 70"C (2oo" - 10· = 130. F). 

R = 80.000/2 = 40,000 mm ((260 x 12)/2 = 1560 in.). 

11 1 G = 1.0 

1 = 34 mm (1.33 in.). 

P.2.9.2 Solution 

P.2.9.2.1 Calculate the stiffness coefficients for the nozzle-tank connection: 

R I t = 40.000/34 = 1176 (1560/L33 = 1173) 
aI R = 305/40,000 = 0.008 (J 2/1560 = 0.008) 

L/ 2a = 630/610 @ 1.0 (24.75/24 @ 1.0) 

11 1 For the radial load (from Figure P-ZA) . 

ln Sl units: 

ul 
ln US Customary units: 

ul For the longltudinal moment (from Figure P-28) . 

In SI unHs: 

In US Customary units: 

II 

KR -~ 
E(2a) = 3.1 x 10 

KR= (3.1 x 10-4)(199,000 N/mm2)(610 mm) 

= 3.9 x 1Q4 N/mm 

[(R -4 
ECZa) = 3.1 x 10 

Kn= (3.1 x lQ-1)(28.8 X lQO lb/in.2)(24 in.) 

= 2. 14 x 105 lbf/in. 

~ = 4.4 x 10·4 

E(2a)3 

KL = (4.4 x I o-4)(t99,000N/mm2)(610 rnm):l 

= 2.0 x tOlD N-mrn/rad 

~ = 4.3x10-• 
E(Za/ 

K1 = (4.3x l0-4)(28.8x IOG)(2~)3 

= 1.7 x wa jn,-lb/rad 
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For the circumferential moment (from Figure P-2C). 

In SJ units: 

Jn US Customary uni ts: 

~ = 9.4x 10 1 

E(2a)'1 

Kc= (9.4 x IQ-4)( 199,000 N/mml)(610 rnm)J 

= 4.2 x JQIO N-mm/rml 

~ = 9.3xl0 4 

E(2a)J 

Kc= (9.3 x 10 ~)(28.8 x 106)(24)3 

= 3.7 x tQS tn.-lb/rad 

P-15 

P.2.9.2.2 CaJcuJate Lhe unrestrained shell deflection and rotation at the nozzle centerline resuJting from the hydrostatic head of 
thr full tank 

ln ST unit'i: 

p = 
1.285 1.285 

(R/)115 - os = 0.00 11 0/mm 
( 40,000 X 34) 

~L = (0.00110)(630) = 0.7 rad 

W= 

(9.8 x 10-")1 l )( 19.200)( 40.000)z 
( L99,000)(34) . -

[' - e0 7
COS(0.7)- l :.;~OJ + (12.0 X J0·6)(40,Q00) (70) 

59.77 mm 

(9.8 X 10-6)( l )( 19,200)( 40,000)2 

( 199,000)(34) 

{19 .~00 - 0.0011 e0
"
71 cos(0.7)+sin(0.7> 1} 

-{).032 rad 

ll 

ll 
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-F~ +Mt 
(compression 
at A controls) 

- FR, - M L 
(compression 
at B controls) 

API STANDARD 650 

I 
+FR, +M t 
(tension at B controls) 

+FR,-ML 
(tension at A controls) 

Figure P-5A-Determination of Allowable Loads from Nomogram: F Rand ML 

-FR. ±Me 
(compression 
at C controls) 

- 1.0 - 0.5 0.5 

+FR. ±M c 
(tension at c· controls} 

1.0 

Figure P-58-Determination of Allowable Loads from Nomogram: FRand Me 



In US Customary units: 
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r+~ 

- 1+~34 mm (1 .33 in.) 

r 

l -

I 2a: 610 mm (24 in.) 

! 
1_ 

L = 630 mm (24.75 in.) 

l 

Figure P-6-Low-Type Noz.zle with Reinforcement on Shell 

p = 1.285 1.285 - = 0.0282/in. 
(Rt)0·5 - ll560x 1.33)0

'" 

PL = (0.0282)(24. 75) = 0.7 rad 

W= 0.036GJ-Jlt[t- e-aLcos( ~L) - !::.] + a.RD.T 
Et H 

0.036( 1)(768){1560/[1 _ e- 0.7 cos(0.7) _ 24.75] 
t28.8x 1011)(1.33) 768 

+ (6.67 X 10-6){1560)(130) 

2.39 in. 

e = 
0 ·03~HK{f-r-pe-111 [cos(pL)+sin(PL)J} 

0.036(1)(768)(1560} _I - 0.0282e-0.7r cosW.7)+sin(0.7ll} 
(28.8 X 10

6
){ 1.33) 768 

-0.032 rad 

P-17 

Perform the analysis of piping flexibili t;y using W. e. I< R· f(L· and Kc as the end conditions at the nozzle-to-piping connecLion. 

XA = 935 mm (36.75 in.) 

XB = 325 mm ( 12.75 in.) 

Xc = 630 nun {24.75 in.) 

Determine the allowable loads for the shell opening. as shown in P.9.2.3. 

u 

p t 
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P.2.9.2.3 Determine the nondimensional quantities: 

In SI units: 

XA 935 ' = 0.80 
(Rl)o.;; = [(40,000)(34)t" 

x8 325 _ = 0.28 
(Rt)0

'
5 = [(40.000)(34)1°~ 

Xc 630 = 0.54 
(l?t)05 = [(40,000)(34)]0

'
5 

A. = _ a_ = 305 = 0 26 
(Rt)05 f(40,000)(34) ]0

.
5 

• 

In US Customary units: 

rrom Figures P-4A and P-4B, 

YF = 1.9/N (1.9/lbf) 

YL = 7.2/N-mm (7.2/'in.-lbf) 

Yc = 13.4/N-mm (13.6/in.-lbf) 

X,1 36.75 = 0 81 
(Rt)0

'
5 = [{1560)( 1.33)]05 

, 

x8 12.75 = 0.28 
(Rr) a.s = [( 1560)(1.33)]0

·
5 

Xc 24.75 . = 0.54 
(Rt)05 = [( l560)(1.33)t' 

a 12 
A. = -- = , = 0.26 

(Rt)0
'
5 [(1560)( 1.33))0

'" 

P.2.9.2.4 Construct the load nomograms (see Figure P-7) : 

Tn SI units: 

x11 ( 3251 
l.O - 0.75 (Rt)o.s = 1.0 - 0.75 JT6()) = 0.79 

x.4 ( 935) 
1.0-0.75 (Rt)o.; = 1.0 - 0.75 1166 = 0.40 



ln US Customary units; 
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Xc r-( 6308 1.0 - 0.75--
0

• = l.O - 0.7.) -
1 

a = 0.59 
(Rt) 0 lu 

Fp = Prr.i = (9800)(1.0)(19.2 - 0.630)rt(0.305)
2 

= 53.200 N 

A. (F~j 0.26 ( F11 1 -6 
2 Yp F ,J = (2)( 1.9) 53.205J = 1.29 

X lO FR 

A (M.!:l 0.26 ( ML _, -9 

a YL F~ = (305)(7.2) 53,205J ~ 2·22 x 10 M, 

A (MEl 0.26 ( Me ) .(1 

aYe FpJ = (305)(13.4) 53.205J = ug x LO M1 

X~; (12.75') 
1.0 - 0.75-----o:s = 1.0-0.75 

456
-) = 0.79 

(R~ . 

x., (36.75) 
l.O 0.75 (Ril0.5 = 1.0 - 0.75 4S.G = 0.40 

1.0 - o.75 <~~o.~ = 1.0- o.1s(2445~6~ = o.59 

Fp = Prri = [<62~ii;·0)}( 64)( L2)- 24.75ln12
2 

= 12,142 pounds 

A (F~j 0.26 ( FR ) . -s 
2 YF F-; = (2)( 1.9) 12,142 = 5·64 

X 
1° FR 

A. (Mil 0.26 ( ML ) .1 
aYL F,) = ( 12)(7.2) 12.142 = 2.48 >< 10 ML 

'A (Me\ 0.26 ( Mr ) .; 
a>'c F1) = (12)(13.6) 12,142 = 1.31 x 10 Mr 

P.2.9.2.5 Determine the limiting piping loads. 

Jn SI units: 

For ML = 0 and Me=- 0, 

F F A. (Fil) _ -fi < 
or R· 2 YF F,J - 1.29 x 10 FF?_ 0,4 

P-19 

11 

11 
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-FR, +Ml 
(compression at A controls) 

-FR,· ML / 
(compression at B controls) 

API STANDIIRD 650 

-0.5 

M e .,_0_4_.. 
A 

- 1.0 

B 

- FR.+ M c 
(compression at C controls) ~ 

- FR.+ M r; 
(compression at c· controls) 

- 1.0 . 0.5 

.. 

+FR,+M1 r (tension at B controls) 

0.5 

0.5 

1.0 

+ FR, + M e 
(tension at c· controls) 

+FR.- M r; 
(tension at C controls) 

1.0 

Figure P-7-AIIowable-Load Nomograms for Sample Problem 
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Therefore. 

F, - 0.4 = 310,000 N (tension at A controls) 
RJu~· - 1.29 X I 0' 6 

/... (M~j -!1 For Me. a r(. F;J = l.l9x 10 Mc:S0.59 

Therefore. 

For FR = 0 and Me= 0. 

0.59 
= 4.96 x JOB N-mm (tension at C' controls) 

LJ9x10'9 

1- (M~:] _ -!t <O For ML. a YL F,J - 2.22 x 10 ML _ .4 

Therefore. 

M - 0.4 = 1.80 x lQ!! N-mm (tension at A controls) 
Lmll,,- 2.22 X l0-!1 

rn us CustOffiill)' units: 

For Ml. = 0 and Me = 0, 

For F J?. 2 ~~J%J = 5.64 X 1 o-6 FR $ 0.4 

Therefore, 

Fn - 0.4 = 70,900 lbf (tension at A controls) 
"'

3
' - 5.64 X J 0 G 

For ML = 0 and Ff?= 0. 

f'or Mc. a~/~~ = 1.31 X w-7 Mr S: 0.59 

Therefore. 

M -
0
·
59 

= 4.50 x 106 in.-lbf {tension at C' controls) ""'ax - 1.31 XIO 1 

For FR = 0 and Me = 0, 

~(M.!:.l _ -7 < ForM[.. a Yt F,J - 2.48 x l 0 M1 _ 0.4 

Therefore. 

Mru •• x= ~·4 
0 7 = l.GJ x l0° in.-lbf (tension at A controls) 

2.4 xl -

P·21 
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P.2.9,3 Summary 

The limiting piping loads are as fol lows: 

rn Sf units: 

FA'max 310,000 N (tension at A controls) 

API STANDARD 650 

Mrmax 4.96 x I os N-mm (tension at C' controls) 

1.8 x JOB N-mm (tension at A controls) 

11 In US Customary units: 

FR!nax = 70.900 lbf (tensional A controls) 

Mernax -= 4.50 x 106 in.-lbf (tension at C' controls) 

MLrmtx = 1.61 x 106 jn.-Jbf (tension at A controls) 

Note: This section is based on lhe paper "Analysis of Nozzle Loads in API 650 Tanks'' 3D 

30/\rmlysi5 of Loads for Nozzl~-s in API 650 fanhs. M. Lengsfeld, K.L Bardia. J. t'aagepera. K. Halhaitham. D.G La13ounly. M.G. Leng5fehi. Paper PVP-Vol 
430, ASME, N~w York, 2001 

091 DELETED (Section P.3 Deleted in its Entirety) 



APPENDIX R-LOAD COMBINATIONS 

R.1 For the purposes of th.is Standard. loads are combim~d in the following manner. Design mles account for these load combi
nations, including the absence of any load other than DL in the combinations: 

(a) Fluid and Intemal Pressure: 

(b) Hydrostatic Test: 

(c) Wind and Internal Pressure: 

(d) Wiltd and External Pressure: 

(e) Gravity Loads: 

(f) Seismic: 

DL + (H1+ P(J 

I) Dz. +(L1 or Su or Sb) + 0.4Pe 

2) DL+Pe+0.4(L,.orSuor Sb) 

(g) Gravity Loads for Fixed Roofs with Suspended Floating Roofs: 

1) Dr + Dr+ (L, or .5) + Pe + 0.4 {Pre or Ltl or Lrli 

2) DL + Dr+ {Pre or L11 or LrzJ + 0.4 { (5 or L,) + Pe} 

Notes: 

07 

II 

09 

II 

ll 

1. In the combinations listed in (g), DJ,' Pte- L!l and LR shall be applied as point loads at the cable attachment to the fixed roof. os 
2. Design Exte1 nal Pressure. P f'o shall be considered as 0 k.Pa (0 lbflft2) for tanks with circulation vents meeting Appendix H 
requirements. 

• R.2 The pressure combination factor (Fp) Is defined as the raUo of normal operating pressure to design pressure. with a mini- 11 
mum value of 0.4. 

R-1 



APPENDIX S-AUSTENITIC STAINLESS STEEL STORAGE TANKS 

S.1 Scope 
S.1.1 This appendix covers materials. design. fabrication, erection, and testing requirements [or ve1tical, cylindrical, aboveg
round. closed- and open-top. welded, austenitic stainless steel ston1ge tanks constructed of material grades 201- J, 20 I LN. 304, I 09 

304L, 316, 316L. 317, and 317L. Tilis appendix does not cover stainless steel clad plate or strip-lined construction. 

• S.1.2 Th.is appendix applies only to tanks in nomefrigerated services with a maximum design temperoture not exceeding 260°C 
(500°F). Trtnks designed to this appendix shall be assigned a maximum design temperature no less than 40°C (1 00°f). lt is cau
tioned ¢at exothermic reactions ocoturi.ng inside unheated storage tanks can produce temperatures exceeding 40°C ( l 00°F). 

S.1.3 DELETED 

S.1.4 The minimum Ulicknesses specified io this appendix are corroded thicknesses unless otherwise stated. 

5.1.5 Tiris appendix states only tbe requirements that differ fi·om the basic rules in this Standard. For requirements not stated, 
the basic rules must be followed. 

S.2 Materials 
5.2.1 SELECTION AND ORDERING 

5.2.1.1 Materials shall be in accordance with Tables S-la and S-1 b. 

Table S-1a-(SI} ASTM Materials for Stainless Steel Components 

Plates and Structural Members Piping and Tubing-Seamless 
(Note l) or Welded (Note 2) 

A 240M. Type 201·1 A 213M. Grade TP 201 

A 240M, Type 201LN A 213M. Grade TP 304 
A 240M, Type 304 A ~13M. Grade TP 304L 
A 240M, Type 304L A 213M. GradeTP 316 

A 240M, Type 316 A 213M, Grade Tl> 3161 
A 240M. Type316L A 213M Grade TP 317 
A 240M, Type 317 A 113M. Grade TP 317L 
A 240M, Typt:317L A 312M. Grade TP 304 

A 312M. Grade TP 304L 
A 312M. Grade TP 316 
A 312M. Grade TP 3161 
A 312M. Grade TP 317 

A 312M. Grade TP 3171 
A 358M, Grade 30-t 

Notes: 

A 358M Gtade 3041... 
A 358M, Grade 316 
A 358M, Grade 316L 

A 403M. Class WP 304 

A 403M, Class WP 304L 
A 403M. Class WP 316 
A 403M, Class WP 316L 
A 40JM Class WP 3 17 
A 403M, Class WP 3l7L 

Forgiugs (Notes 2. 3) 

A 182M Grade F 304 
A 182M. Grade F 304L 
A 182M. Grade F 316 
A 1811\1. Grade fi' 316L 

A 182M, GradeF 3t7 
A 182M, Grade F 317L 

Bolting aud Bars (Notes 4, 5) 

A L93M. Cl:l.ss l . Gtades BS. BSA. and B8M 
A J 94M Grades 88, B8A, B8M. and B8MA 
A 320M, Grades 88, B8A. 88M. andB8MA 
A 479M. Type 304 
A 479M. Type 304L 
A479M. Type3'16 
A 479M, Type 316L 
A 479M. Type 317 

• 1. Unless otbe.m~se specified by the Purchaser, plate, sheet, or strip sbnJJ be furnished with a No. 1 finish and shaH be bot-rolled annealed. and 
descaled 

• 2. C3Ibon steel flanges an.cVor stub ends mny be used by agreement between the Putcltaser and the Manufacturer, pt'Oviding tl1e design and 
details consider tl1e dissimilar properties of the materials used and are suitable for the intended service. 

• 3. Casting,s shaU not be used unless specified by the Purchaser. If specified, castings shall meet ASTM A 351 and shall be inspected in accor
dance with ASME Bo/ler ond Presmre Vi!$sel C/lde, Section VUI, Division I . Appencli.x 7. 

4. All bars i.o contact wil11 t11e product shall be fnrnished ill the bot-rolled. annealed. and descaled condition. 
• 5. Other bolting materials may be used by agreement between the Purchaser and the Manufacturer. 

S-1 

1 os 
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5-2 API STANDARD 650 

Table S"1 b-(USC) ASTM Materials for Stainless Steel Components 

l'lates and Structural Members Piping and Tubing-Seamless 
(Note 1) or Welded (Note 2) 

A 240, Type201-l 

A 240. Type 201LN 
A 240. Type 304 
A 240. Type 304L 
A 240, Type 316 
A 240, Type 316L 
A 240, Type317 

A 240, Type 317L 

A 276, Type 20 I 
A 276, Type 30~ 

A 276, Type304L 

A276. Type316 
A 276, Type 316L 
A 276, Type 317 

Notes: 

A213, Gl'ade TP 201 

A2JJ, Grade TP 304 
A21J. Grade TP 304L 

A213, Grade TP 316 
A213, Grade TP 316L 
A213, Grade TP 317 

A213, Grade TP 317L 
A 312, Grade TP 304 
A 312, Grade TP 304L 
A 312. Grade TP 316 
A 312. Grade TP 316L 

A 3 I 2. Grade TP 3 t 7 
A 312. Grade TP 3l7L 
A 358. Grade 304 
A 358, Grade 304L 
A 358, Grade 316 

A 358, Grade 316L 
A 403. Class WP 304 
A 403. Class WP 304L 
A 403, Class WP 316 
A 403, Class WP 316L 
A 403, Class WP 317 

A 403. Cl3sS WP 317L 

Forgings (Notes 2, 3) 

A 182. Grdde F 304 

A 182, Gmde F 304L 
A 182, Grade F 316 

A 182, GradeF 316L 
A 182. GradeF 317 
A 182,GradeF317L 

Bolting ruJd .Bars (Notes 4, 5) 

A 193. Class 1, Grades BS, B8A and B8M 

A 194. Grades 8, 8A. 8M. and SMA 
A320. Grades B8, B8A. BSM. and B8MA 
A 479, Type 304 

A479, Type 304L 
A479, Type 316 

A479. Type316L 

A 479. T}'Pe 317 

• I. Unless otherwise specified by the Ptu·chaser, plate, sheet, or strip sbaU be furnished with a No. I finish and shall be hot-Iolled, annealed, and 
descaled. 

• 2.. Carbon sreel Gauges and/or stub eods may be used by agreement between the Purchaser and the Manufacturer. proviclli\g the design and 
detail!\ consider the dissimilar properties of the materials used and are suitable for the intended service. 

• 3. Castings shall not be used twless specified by the Purchaser. If specified, castings shall meet ASTM A 3 51 aud shall be inspected in accor
dance with ASME Boiler andPressm-e Vessel Code, Sectiot\ VID, Division I, Appendix 7. 

4. All bars in contact with the prodttct shall be furnished in the hot-rolled, Rllllealed, and des<Jaled condition. 
• 5. Other bolting materials may be used by agreement between tbe Purchaser and the Manufacrurer. 

• 5 .2.1 .2 Selection of the type/grade of stainless steel depends on the service and environment to which it will be exposed and 
11 the effecls of fabrication processes (see S.4.3.2 and S.4.4.3). The Purchaser shall specify the type/grade. 

5 .2.1.3 External st111ctural attachments may be carbon steels meeting the requirements of Section 4 oftl1is Standard. providing 
they are protected from con·osion and the design and details consider U1e dissimilar properties of the materials used. (This does 

07 not inc! ude shell, roof. or bottom openings and their reinforcement.) Carbon steel attachments (e.g., clips for scaffolding) shall not 
be welded directly to any intemal surface ofthetank. For stainless steel tanks su~ject to extemal fire impingement. the use of gal
Vatlizing on attachments, iocJuoing ladders and platforms, is not recommended. 

• 5.2.2 PACKAGING 

Packaging stainless steel for shipment is important to its corrosion resistance. Precautions to protect the swt'ace of the material 
depend on the surface finish supplied and may vary among Manufactm·ers. N01mal packaging methods may not be sufficient to 
protect the matelial from no1mal shipping damage. If the intended service requires special precautions, special instructions shall 
be specified by the Purchaser. 

5.2.3 IMPACT TESTING 

Lmpact tests are not 1·equited for austenitic stainless steel base metals. 
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S.3 Design 

• S.3.1 TANK BOTTOMS 

S.3.1. 1 Shell-to-Bottom Fillet Welds 

The attachment weld between the bottom edge of the lowest course shell plate and the bottom plate shall comply with the follow
ing va lues: 

Nominal Thickness Minimum Size 
ofShell Plate of Pillet Weld 

{mn)} (in.) {mm) {in.) 

5 0.1875 5 3f16 

>5 to 25 >0.1875 to 1.0 6 l I 4 

>25 to45 >1.0 to 1.75 8 5f lli 

S.3.1.2 Bottom Plates 

All bottom plates shall have a corroded t·hickness of not less 01an 5 mm (.lft6 in.). Bouom plates which weld to shell plates thicker 
than 25 mm (1.0 in.) shall have a corroded thickness of not Jess than 6 mm (1/4 in.). Unless othervvise agreed to by the Purchaser, 
all rectangular and sketch plates (bottom plates on which the shell rests that have one end rectangular) shall have a ltlinimum 
nominal width of not less than 1.200 mm (48 in.). 

S.3.1 .3 Annular Bottom Plates 

Butt-welded annular bottom plates meeting the requirements of 5.5.2 through 5.5.5 are required when either the bottom shell 
course maximum product stress is greater than 160 MPa (23,200 lbf/in.Z) or the bottom shell course maximum test stress is 
greater than 172 MPa (24.900 lbf/in.2). 

• S.3.2 SHELL DESIGN 

S.3.2.1 General 

09 

II 

11 

()9 

S.3.2.1.1 The required nominal shell thickness shall not be less than the greatest of the design shell thickness plus corrosion lu 
allowance, hydrostatic test shell thickness. or the nominal lhlckness listed in 5.6. 1.l (note 4 does not apply). 

S.3.2. 1.2 Unless oU1erwise agreed to by the Purchaser. the shell plates shall have a minimum width of J 200 mm (48 in.). 

S.3.2.2 Shell Thickness Calculation 

The requkements of 5.6 shall be followed. except as modified in S.3.2.2.1 through S.3.2.2.3. 

S.3,2.2.1 Allowable stresses for all shell thickness calculation methods are provided in Tables S-2a and S-2b 

S.3.2.2.2 Appendix A is not applicable. 

S.3.2.2.3 The following fonnu las for design sheJI thickness and test shell thickness may alternati vely be used for tanks 60 m 
(200 ft) in diameter and smaller. 

In Sl uni ts: 

t = 4.9D( H - 0.3)C +CA 
d (Stt)E 

t _ 4.9D(H- 0.3) 
, - (S,)(E} 
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fd = design shell thickness (mm). 

11 = hydrostatic test shell thickness (rum), 

D = nominal diameter of tank (m)(see 5.6.1. 1 ), 

H = design liquid level (m) (see 5.6.3.2), 

G = specific gravity of the liquid to be stored. as specified by tbe Purchaser . 

E = joint efficiency. 1.0. 0.85. or 0.70 (see Table S-4). 

C'A = corrosion allowance(mru), as specified by thePurchaser (see5.3.2) . 

Sc~ = allowable stress lor the design condition (MPa) (see Tables S-2a and S-2b ), 

S, = allowable stress for hydrostatic test condition (MPa) (see Tables S-2a and S-2b). 

In US Customary units: 

vvhere 

1 =2.6D(H-l)G+C'A 
'' (S1,)E 

I = 2.6D(H -1) 
I (S,){E) 

td = design shell thickness (in.), 

11 = hydrostatic test shell thickness (in.). 

D = nominal diameter of tank (ft) (see .5.6.1.1 ), 

H = design liquid level (ft) (see 5.6.3.2). 

G = specific gravity of the liquid to be stored, as specified by the Pw·cbaser. 

E = joint efficiency, 1.0. 0.85, or 0. 70 (see Table S-4 ). 

CA = con-osion allowance (in.), as specified by the Purchaser (see 5.3.2), 

Sd = allowable st1·ess for the design condition (lbf/in.2) (see Tables S-2a and S·1b), 

S, = allowable stress for hydrostatic test condition (lbf/in.2) (see Tables S-2a and S·2b). 

Note: TI1e aUo"vab!e stresses recognize the increased toughness of stainless steels over carbon steels and the relatively low yield/tensile mtios of 
the stainl.ess steels. The increased toughness permits designing. to a lli.gber proportion of the yield strellgtll.. however, the Manufacturer and Plu'

OS 1 chaser sball be aware that this may result in permanent strain (see Tables S-2a and S-2b). 

S.3.3 SHELL OPENINGS 

S.3.3.1 n1c minimwn nominal thickness of connections and openings shall be as follows: 

Size of Nozzle 

NPS 2 and less 

NPS 3 und NPS 4 

OverNPS 4 

Note: Reinforcement requirements of 5. 7 must be maintained. 

Minin:uun N ow.i.ual 
Ne<:k Thickness 

Schedule 80S 

Schedule 408 
6 Dlni (0.25 in.) 

S.3.3.2 The1111al stress re lief requirements of 5.7.4 are not applicable. 

S.3.3.3 Shell manholes shall be m coni01manue with 5.7.5 except that the con·oded tl1ickness requirements of bolting flange 
and cover plate shall be multipljed by the greater of (a) Ute ratio of the material yield strength at 40°C ( l00°F) lo the material yield 
strength at the maximum design temperature, or (b) the ratio of205 MPa (30,000 psi) to the material yield strength at the maxi
mum design temperature. 
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5.3.3.4 As an alternative to S.3.3.3. plate ling flanges may be designed in accordance with API Std 620 mles using the allow
able su-esses given in Tables S-3a and S-3b. 

S.3.3.5 Allowable weld stresses for shell openings shall cm1fonn to 5.7.2.8 exceptS., = the maximum allowable design stress 
(the lesser value ofthe base materials joined) penn.itted by Tables S-2a and S-2b. 

S.3.4 ROOF DESIGN AND ROOF MANHOLES 

$.3.4.1 The yield strength given in Tables S-5a andS-5b shall be used for F'_r in 5. 10.4.4. 

$.3.4.2 All stainless steel components of the roof manhole shall have a nominal thickness of not less than 5 !1U11 (3/16 in.). 

S.3.4.3 In 5.10.3.1 the required structw·al specification for stress limitations shall be modified to ASCE 8 Specification for the 
Design of Cold-Formed Stainless Steel Su·uctw·al Members. The portion of the specification Appendix D entitled, -Allowable 
Stress Design.' ' shall be used in determining allowable unit stTess. 

$.3.4.4 111 5.10.3.4 for colturuts, the AISC reference shall be modified to ASCE 8. Modified allowable stress values forlir > 
120 are not applicable. 

S.3.5 APPENDIX F-MODIFICATIONS 

$.3.5.1 DELETED 

S.3.5.2 In f'.7. 1, the shell thickness sh(lll be as specified in S.3.2 except that the pressure P (in kPa [in. of water]) divided by 
9.8G ( 12G) shall be added to the design liquid height in meters (ft). 

S.3.5.3 DELETED 

S.3.6 APPENDIX M-MODIFICATIONS 

$.3.6.1 Appendix M requirements shall be met for stainless steel tanks with a maximum desig11 temperature over 40°C (1 00°F) 
as modiJied by S.3.6.2 through S.3.6.7. 

S.3.6.2 Allowable shell stress shall be in accordance with Tables S-2a and S~2b. 

S.3.6.3 In M.3.5. the requirements of 5.7.7 for flush-type cleauout fittings and of 5.7.8 for :Gush-type shell connections shall be 
modified. The thickness of the bottom reinforcing plate, bolting flange, and cover plate shall be multiplied by the greater of (a) the 
1-atio of the material yield strength at 40°C ( 100°1.') to the material yield su·eogth at the maximum design temperature. or (b) the ratio 
of 205 MPt~ (30,000 psi) to the material yield strength at the maximum design temperature. (See Tables S-5a and S-5b for yield 
strength.) 

S.3.6.4 lJl M.3.6. the stainless steel structural allowable stress shall be multiplied by the ratio oftl1e material yield strength at 
the maximtun design temperattu·e to the material yield strength at 40°C ( I 00°F). (See Tables S·Sa and S-5b for yield streng01.) 

S.3.6.5 DELETED 

oa 
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S.3.6.6 In M.S. l , the requirements of 5.10.5 and 5.J 0.6 shall be multiplied by the mtio of the material modulus of elastidty at 
40°C (100°F) to the matelial modulus of elasticity at the maximum design temperature. (See Tables S-6a and S-6b for modulus of 1 08 

elasticity.) 

S.3.6. 7 ln M.6 (the equation for 01c maximum height ofunstiffened shell in 5.9.7. 1), the maximum height shall he multiplied 
by the ratio of the material modulus of elasticity at the maximum design temperature of 40°C ( I 00°F). 

5.4 Fabrication and Construction 
S.4.1 GENERAL 

Special precautions must be observed to minimize tl1e risk of damage to the conusion resistance of stainless steeL Stainless steel 
shall be handled so as to minimize contact with iron or other types of steel during all phases of fabrication, shipping, and construc
tion. The following sections desctibe the major precautions that should be observed dtu·ing fabrication and handling. 

1 08 
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5 .4.2 STORAGE 

Storage should be under cover and well removed from shop dirt and fumes from pickling operations. If outside storage is neces
sruy, provisions should be made for rainwater to drain and allow the material to dry. Stainless steel should not be stored in contact 
with carbon steel. Materials containing chlorides. including foods, beverages, oils, and greases, should not come in contact with 
stainless steel. 

5.4.3 THERMAL CUTTING 

5.4.3.1 Thcnnal cut1ing of stainless steel shall be by the iron powder burning carbon arc or the plasma-arc method. 

• 5.4.3.2 ll1ennal cutting of stainless steel may leave a heat-affected zone and intergranular carbide precipitates. This heat
nffected zone may have reduced con·osion resistance unless removed by mach.iniog. grinding, or solution annealing and quench
ing. The Purchaser shall specify if the heat-affected zone is to be removed. 

5.4.4 FORMING 

5.4.4.1 Stainless steels shall be formed by a cold, wann. or hot f01ruing procednre that is noninjw-ious to the material. 

5 .4.4.2 Stainless steels may be cold fanned. providing the ma>.'imtml strain produced by such forming does not exceed 10% 
and control offonning spring-back is provided in the fanning procedw·e. 

• 5 .4.4.3 Wann forming at 540°C ( 1 000°F)-650°C ( 1200°F) may cause intergranular carbide precipitation in J04, 316, and 317 
grades of stainless steel. Unless stainless steel in !his sensitized condition is acceptable for the setvice of the equipment, it will be 
uecessaty to use 304L. 316L, or 317L grades or to solution anneal and quench after forming. Wann fanning shall be performed 
only with agreement of the Ptu·cbaser. 

5.4.4.4 Hot forming, if required, may be performed within a temperature range of900°C ( 1650°F) - l200°C (2200°F). 

5 .4.4.5 Formi11g~t temperatures between 650°C (1200"F) and C)00°C (1650°F) is not pem1it1ed. 

5.4.5 CLEANING 

• 5.4.5.1 When the Purchaser requires cleaning to remove stu-face contaminants that may impai.r the normal cotTOSion resistance, 
it shall be done in accordance with ASTM A 380, unless otherwise specified. Any additional cleanliness requirements for the 
intended service shall be specified by the Purchaser. 

Table S-2~(SI ) Allowable Stresses for Tank Shells. 

Min. Yield Min. Tensile 
Allowable Stress (S4/ (in M.Pa) for Maximum Desigp Temperature Not Exceecling 

Type Ml'a Ml'a 4o•c 9o•c tso•c 200"C 260°C S1Atnbieot 
09 

08 

101-1 260 515 155 L36 115 121 234 

20lLN 310 655 197 172 153 145 1'13 279 

304 205 515 155 155 140 128 121 186 

304L l70 485 145 132 119 109 101 155 

316 205 515 155 155 145 133 123 186 

316L 170 485 1"5 LJJ 117 107 99 155 

317 205 5JS 155 155 145 133 123 186 

317L 205 515 155 155 145 133 123 186 

Notes: 
1. sd may be interpolated between temperatures. 

• 2. The design stress shall be the lesser of 0.3 of the miuimuttt tensile strength or 0. 9 of the minimum yield streu~th. The factor of 0.9 of yield 
corresponds to a pemlruleJlt strain ofO.lO%. When a 1ovv-er level ofpennanent strain is desired, the Purcl1aser shall specifY a reduced yield 
factor in accordance \~ith Table Y-2 of ASME Soctiou U, Part D. 111e yield vn1ues at l:he different maximum desig» temperahtres cau be 
obtained from Tables S-5a. 

• 3. For dual-certified materials (e.g., ASTMA 182M/A 182 Type304L/304). use the allowable stress of the grade specified by the Purchaser. 



WELDED TANKS FOR OIL STORAGE S-7 

Table S-2b-{USC) Allowable Stresses for Tank Shells 

Min. Yield Mjo.. Tensile 
Allowable Stl·ess (S,I) (in psi) for Max:innun.Design Temperature Not Exceeding 

Type psi psi 100°F 200°F 300°F 400"F 500°F s,Ambieut 

201 -1 38.000 75,000 12.500 19.700 18.100 17,500 34,200 

201LN 45,000 95,000 28,500 24,900 22,200 ll.LOO 20,700 40,500 

304 30.000 75.000 22.500 22,500 20,300 18,600 17.500 27,000 

304L 25.000 70,000 21,000 19.200 17.200 15.800 T::\,700 22.500 

316 30,000 75.000 22.500 22.500 21,000 19,300 17.900 27,000 

316L 25.000 70,000 21.000 19.000 17.000 15.500 14.300 22,500 

317 30,000 75,000 22.500 22.500 21.000 19.300 17,900 27.000 

317L 30,000 75,000 22,500 22.500 21.000 19,300 17,90() 2.7.000 

Notes: 
l . .S~rmay be interpol11ted betv..-eeu temperatmes. 

• 2. 'The design stress sball be t.be lesser of 0.3 of the minimlllll tt.·usile strength or 0.9 of the minimw.u yield strength. TI1e factor of 0.9 of yield 
corresponds to a pennauent strain of OJ 0%. When a lovv~:r level of permanent strain is desired. tbe Purchaser shall specify a n:duced yield 
factor in accordauce wiib Table Y-2 of ASME Section D. Part D. TI1e yield values at the different maximum design temperatures cnn be 
obt-aiued from T~ble S-Sb. 

• 3. For dual-certified materials (e.g., ASTM A 182M/A 182 Type 304L/304). use the 11Uowabl~ stress of the grade specified by the Pm·cbaset. 

Table S-3a-(Sl)AIIowable Stresses for Plate Ring Flanges 

Allowable Stress(.~/) (in MPa) for Maximum Design Temperature Not Exceeding 

Type 4o•c 9o•c 150°C 20ooc 260°C 

201-1 155 l33 11 5 104 

201LN 197 167 151 143 138 

304 140 115 103 95 89 

30-IL 117 99 88 Sl 75 

316 140 119 107 99 92 

316L 117 97 87 79 73 

3l7 140 119 108 99 92 

317L 140 119 lOS 99 92 

Notes: 
I. AJLO\vable stresses may be interpolated be~veeu tempeintures. 
2. TI1e aUovroble stresses are based ou a tower level of permanent stTai11. 
3. TI1e design stress shall be tbe lesser of0.3 of Ute lllinimiUD. tensile streugth or 2f3 ofU1e mininnun yield strength. 

• 4. For dual-cettified materials (e.g .. ASTM A 182M//\ 182 Type 304U304). use the allowable stress oftlJe grade specified by the Purchaser. 

S.4.5.2 When welding is completed, flux residue and weld spatter shall be removed mechanically using stainless steel tools. 

S.4.5.3 Removal of excess weld metaJ, if requiTed, shall be do11e with a grinding wheel or belt that has not been previously 
used on other metals. 
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08 Table S-3b-(USC) Allowable Stresses for Plate Ring Flanges 

Allowable Stress (S1) (in psi) for Maxin11WJ Design Temperature Not Exceeding 

09 
Type lQQOF 200°F 300°F -tooo·F 500°F 

201-.l 22.500 19.300 16,700 15.100 

20lLN 2& . .500 24.200 21.900 20,700 20,000 

304 20,000 16.700 15,000 13.800 12,900 

304L 16,700 )4,300 12,800 11.700 10,900 

316 20,000 17.200 15,500 14.300 13.300 

08 
316L 16,700 14,100 12.600 11 ,500 10,600 

317 20,000 17,300 15,600 14.300 13,300 

317L 20,000 17,300 15,600 14.300 13.300 

Notes: 
1. Allowable stresses may be interpolated between ·temperatures. 
2. The allowable s tresses are based on a lower level of permanent strain. 
3. 'L11e design ~'tress shall be the lesser of0.3 of the min.imiWJteosile strength or 2/3 of the minimum yield strength. 

• 4. f'or dtlal-certified materials (e.g .. ASTM A 182M/A 182 Type 304L/304), use tbe allowable stress oftlte grade speciiied by fue .Ptu·cbast!r. 

()9 

Type 40°C 

20 1-l 160 

101LN 310 

304 205 

304L 170 

316 205 

3161 170 

317 205 

3171. 205 

Notes: 
J. Toterpolate benveen1emperatures. 

Table S-4-Joint Efficiencies 

Joint Efficiency Radiograph Requirements 

1.0 

0.85 

0.70 

Radiograph per 8.1.2 

Radiograph per A.5.3 

No radiography required 

Table S-5a-(SI) Yield Strength Values in MPa 

Yield S1rength (in MPa) for Ma.ximlllll Design Temperature Not Exceeding 

90°C 150°C 100°C 

199 171 157 

250 227 214 

170 155 143 

148 132 Ul 

178 161 148 

145 130 119 

179 161 148 

179 161 148 

2. Reference: Table Y-l of ASME Sectiou D. Part D. 

260°C 

207 

134 

113 

137 

no 
138 

138 
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Table S-5b-(USC) Yield Strength Values in psi 

Yield Strength (in psi) for Maximum Design Temperature Not Exceeding 

Type l00°f 200°F 300°F 400°F 

201-1 38.000 28,900 25,000 22,700 

201LN 45,000 36.300 32,900 31.100 

304 30,000 25,000 22,500 20,700 

304L 25,000 21,400 19,200 17,500 

316 30.000 25.800 23.300 2.1.400 

316L 25,000 21,100 18,900 17,200 

3J7 3QOOO 25.900 23.400 21.400 

317L 30.000 25,900 23,400 21.400 

Notes: 
1. [nteJpolate between temperatures. 
2. Reference: Table Y-1 of ASME Section U. Part D. 

Table S-6a-(SI) Modulus of Elasticity at the Maximum Design Temperature 

Maximum Design Temperature 
(°C) Not Exceeding 

40 

90 

ISO 

200 

260 

Note: lnterpolate between temperatures. 

Modnlus of Elasticity (MPa) 

194.000 

190.000 

186,000 

182.000 

179,000 

Table S-6b-(USC) Modulus of Elasticity at the Maximum Design Temperature 

Maxionun Design Temperature 
(°F) Not Exceeding 

100 

200 

300 

400 

500 

Note: luterpolate betweeu temperah1res. 

Modu]l,lS of Elasticity (psi) 

28,100,000 

27.500.000 

27.000,000 

26,400,000 

25,900.000 

S-9 

500°f 

30.000 

19,400 

16,400 

19,900 

15,900 

20.000 

20.000 

5.4.5.4 Chemical cleaners used shall not have a detrimental effect on the stainless steel and welded joints and shaJJ be disposed 
of h1 accordance with laws and regul3tjons goveming the disposal of such chemicals. The use of chemical cleaners shall always 
be fol lowed by thorough rinsing wiU1 water and drying (see 8.4.9). 

5.4.6 BLAST CLEANING 

lf blast cleaning is necessary, it silall be done with s1Jrup acicular grains of sand or gtit containing not more Umo 2% by weight 
iron as free iron or itoo ox.ide. Steel shot or sand used previously to clean nonstainJess steel is not penuitted. 

S.4.7 PICKLING 

If pick! ing of a sensitized stainless steel is neccssruy, an acid mixtw·e of nittic and hydroOuo1ic acids shall not be used. After pick
ling, U1e stainless steel shall be thoroughly rinsed wit11 water and dtied. 
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S.4.8 PASSIVATION OR IRON FREEING 

When passivation or iron freeing is specified by the Purchaser, it may be achieved by b·t:atment with nitric or citric acid. TI1e 11se 
ofhydro.Ouoric acid mixtures for passivation purposes is prohibited for sensitized stainless. 

S.4.9 RINSING 

S.4.9.1 When cleaning oud pickling or passivation is required, tl1ese operations shall be followed immediately by rinsing. not 
allowing the smfaces to dry between operations. 

• S.4.9.2 Rinse water sball be potable and shall not contain more than 200 parts per million chloride at temperatures below 40°C 
(100°f), or no more than JOO pru1s per million chloride at temperatures above 40°C (l00°F) ru1d below 65°C (150°F). tmless 
specified otherwise by the Purchaser. 

S.4.9.3 Following Jinal 1insing. the equipment shall be completely dried. 

5 .4.10 HYDROSTATIC TESTING 

S.4.1 0.1 The rules of 7.3.5 apply to hydrostatic testing except U1at the penetrating oil test in 7.3.5(2) shall be replaced with liq
uid penetrant examination conducted by applying the penetr!lllt on one side and developer on the opposite side of the welds. The 
dwell time must be at least one hour. 

• S.4.10.2 The materials used in the construction of stainless steel tanks may be subject to severe pitting, cracking, or rusting if 
they are exposed to contaminated rest water for exteuded pe1iods of time. The Purchaser shall specify a minimum quality of test 
wate1' that confonns to the following requirements: 

• a. UuJess ofuerwise specified by tbe Purchase•·. water used Jor hydrostatic testing of tanks shall be potable and t1'eated. containing 
at least 0.2 parts per miiJjoo free chlorine. 

b. Water shall be substantially clean ru1d clear. 

c. Water shall have no objectionable odor (that is, no hydrogen sulfide). 

d. WaterpH shall be between 6 and 8.3. 

e. Water temperature shall be below 50°C ( 120°F). 

• f. The chloride content of the water shall be below 50 parts per million, unless specified otherwise by U1e Pw·chaser. 

• S.4.10.3 When testing witb potable water, the exposure time shall not exceed 21 days, unless specified otherwise by the 
Purchaser. 

S.4.1 0.4 When testing wi~l other fresh waters. the exposure time shall not exceed 7 days. 

S.4.1 0.5 Upon completion of l.he hydrostatic test, water shall be completely dr<Jined. Wetted swfaces shall be washed with 
potable water when nonpotable water is used for the test and completely dried. Particular artention shall be given to low spots, 
crevices, and similar areas. Hot air drying is not pen11irted. 

S.4.11 WELDING 

S.4.11.1 Tanks and their stmctural attachments shall be welded by any of the processes permitted in 7.2. 1.1 or by the plasma 
!trc process. Galvanized components or components coated with zinc-rich coating shall not be welded directly to stainless steel. 

S.4.11.2 Weld procedw·e qualifications for stainless steel alloys shall demonsu·ate strength matching the base metals joined 
(i.e., 3XX stainless shall be welded with a matching E3XX or ERJX:X filler metal). 

S.4.11.3 For the 300 series stainless steel materials. the ftUer metal mechaJlical properties and chemistry shall both match lhe 
09 type of base metals joined (i.e .. 3X-X stainless shall be welded with a matching E3XX or ER3XX filler metal). 

S.4.11.4 For tbe 200 series stainless steel materials, filler metals of matching composition are not available. The Mnnufacttu·er. 
with approval of the Pttrchaser. shall select the appropriate filler metal, taking into accm01t the con•osion resistance and mechani
cal properties required for the joiut. 

S.4.11.5 Diss·imiJar material welds (stainless steels to carbon steels) shall use filler metals of E309/ER309 or higher alloy 
content. 
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S.4.11 .6 Two stainless steel plates identical ill matetial type may be welded together pTiot to erection in ordei· to fo1m a sin
gle shell plate subassembly. Plates welded together shall have tlticknesses within 1.6 om1 (I /16 in.) of each other with the ma'<.
imtun plate thickness being 13 mm (1f2 in .). No more than two plates shall be used to fom1 one subassembly. Vertical edges of 
the pair of plates comprising a subassembly shall be aligned. The vertical joint offset requirement of 5.1.5.2 (b) shall be 
applied only between the subassembly and plates above and below it. The subassembly shall conform to the dimensional toler
ances contained in Sectjoo 7 and shall be subjected to inspection requirements contained in Section 8. At least 25% of vertical 
spot radiographs shall be made at tJ1e subassembly hotizontal weld to field vertical weld intersection. All welding procedure 
specifications shall be i11 accordance with Section 9. 

S.4.12 WELDING PROCEDURE AND WELDER QUALIFICATIONS 

Impact tests are not required for austenitic stainless steel weld metal and heat-affected zones. 

• S.4.13 POSTWELD HEAT TREATMENT 

Postweld heat treatment of austenitic stainless steeJ ruatetials need not be perf01med unless specified by the Purchaser. 

S.4.14 INSPECTION OF WELDS 

S.4.14.1 Radiographic Inspection of Butt-Welds 

Radiographic examination of butt~welds shall be in accon:lance with~ 8.1 and Table S--t 

S.4.14.2 Inspection of Welds by Liquid Penetrant Method 

TI1e following component welds shall be examined by the liquid penetrant method before the hydrostatic test of the tank~ 

a. The shell-to-bottom l.uside attachment weld. 

b. All welds of opening c~nnections in tank shell Lhat are not completely radiographed. including nozzle and manhole neck welds 
and neck-to-flange welds. 

c. All welds of attachments to shells, such as stiffeners, compression rings, clips. and other nonpressure parts for which the thick
ness ofbo1h pa1ts joined is greater than 19 mm (lh in.). 

d. Ali butt-welded joints in tank atU1tllar plates on which backi.J1g snips are to remai11. 

S.5 Marking 

Brazing shall be deleted from 1 0. 1.2. 

S.6 Appendices 

The following appendices ru·e modified for use with austenitic stainless steel storage tanks: 

a. AppeJ1dix A is not applicable to tanks built to tl1is appendix. except for the radjography requirements of A. 53 subject to Lhe 
joint efficiency used. 

• b. Appendix C may be used: however. lbe Pw·chaser sball identify all mateJials of construction. 

c. Appendix F is modified as outlined in S.3.5 ofthis appendix. 

d. Appendix J may be used, except the nominal shell tbiclmess for aU tank diameters shall not be less than 5 mm (l/ 16 in.). 

e. Appendix K is not applicable to trulks built to this appendix. 

f. Appendix M is modified as outlined in S.3.6 of this appendix. 

g. Appendix N is not applicable. 

h. Appendix 0 may be used: however. the structural members ofTables 0-1 a ~u1d 0-1 b shall be of an acceptable grade of material. 

i. AU other appendices may be used witl10ut modifications. 
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APPENDIX SC-STAINLESS AND CARBON STEEL MIXED MATERIALS STORAGE TANKS 

SC.1 Scope 

SC.1.1 This appendix covers materials, design. fabrication. erection. and testing requirements for vertical. cylindricaJ, aboveg
round, closed- and open-top, welded, storage tmJks constructed with stainless steel and carbon steel. Generally, in this appendix 
the tenn stainless steel includes austenitic or duplex unless noted otherwise. Stainless steel and carbon steel may be used in the 
same rank for shell rings. bottom plates. roof struc1ure and other parts of a tank to provide product storage for conditions that 
require only certain portions of the tanks to provide added corrosion resistance. These tanks are mixed material tanks. Stajnless 
steel and carbon steel plates may be mixed in the bottom. roof or within any shell course. This appendix does not cover stainless 
steel clad plate or strip lined construction. 

SC.1.2 This appendix appUes only to tanks in non-refrigerated services with a maximum design lemperatuJ·e not exceeding 
93<>C (200°F). Mixed material tanks operating at temperatures greater t11an 93°C (200°F') are not addressed in tJ1is appendix. For 
the purposes of this appendix. the design temperature shall be the maximum design temperature as speci fi ed by the Purchaser. It is 
cautioned that exothermic 1eaclions occurring inside unheated storage tanks can produce temperatures exceeding 409 C (100°F). 

SC.1.3 This appendix srates only the requirements that differ from the basic n.rles in this standard. For requirements not stared, 
the basic rules must be followed including Appendix Sand Appendix X as applicable. References to paragraphs in this appendJx 
shallue to the basic document unless stlpuJated otherwise. 

SC.1.4 For limitations due to lhem1al effecrs see S.3.6 and X.3, 7. 

SC.1 .5 The nameplate of the tank shall indicate that t·he tank is in accordance with this appendix by the addition of Appendix 09 

SC to the information re~uired by 10. 1.1. In addition, the nameplate shaJI be marked with the maximum design temperature in the 
space indicated in Figure 10. t. 

SC.2 Materials 

SC.2.1 Materials shall be in accordance with Section 4. Appen<.lix S. and Appendix X. 

• SC.2.2 Selection of the type/grade of stainless steel and carbon steel for mixed materiaJ tanks depends on the service and envi
ronment to which it wiU be exposed and the effects of fabrication processes. (S.4,3.2. S.4.4.3. and X.2.J. I) The Purchaser shall 
select the type/grade. The Purchaser shaJI also specify which components shall be stainless steel. 

SC.2.3 Components of a tank including shell, roof. bottom or bottom openings and U1eir reinforcement may lle carbon steels 
meeting the requirements ofSecUon II, provided they are protected from co11'osion and the design and details consider the dissim
ilar propetties of tl1e materials used. Carbon steel attachments (e.g., clips for scaffolding) shall not be welded direcUy to any inter
nal stainless steel tank surface. 

SC.2.4 Lrnpacr tests are not required for austenitic stainless steel base metals. See X.2.3.2 for impact testing requkemenls for 
duplex stainless steel. Carbon steels in a mixed material tank shall require impact les!ingin accordance with the basic document. 

SC.2.5 Welding of stainless steel to carbon steel shall use stainless steel electrodes appropriate for the type/grade of stainless 
steel used and the welding process employed. 

SC.3 Design 

When the design temperature exceeds 40°C (100°F) and the diameter exceeds 30 m (100 ft) , a structural analysis of lite entire 
tank structure is required to adequately predict stresses due tn differentiaJ rnovt~ments when austenitic stainless steel is joined to 
either carbon steel or duplex stainless steel components such as bottom to first shell course. adjacent shell courses, and roof to top 
shell course. The materiaJ combination of U1is paragraph applies to aLL other sub-paragraphs in Section SC.3. No analysis of 
stresses from differential movements is rt>quiretl for duplex stainless steel joined to carbon steel. 

SC.3.1 BOTTOM 

SC.3.1.1 When the bottom plate and nrst shell course are of different materials, the design shall account for <lifferential com
ponent expansion. 

SC-1 
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SC.3.1.2 When the annular plate and first shell course are of different materials and tlte llesign temperature is greater than 
40°C (I oooF). the design $ltall account for differential shell component expansion. When the first shell course is carbon steel and 
the annular plate is stainless steel. the requirements of 5.5.1 shall apply. 

SC.3.2 SHELL DESIGN 

SC.3.2.1 The variable point design method shalluot be used for design of mixed rnateriaJ tank shells. 

SC.3.2.2 Austenitic stainless steel insert plates shall not be used in carbon steel or duplex stainless steel plates and carbon steel 
or duplex stainless steel insert plates shall not be used in austenitic stainless steel plates except when an evaluation for differential 
movement due to temperature is performed. 

SC.3.2.3 Where adjacent shell courses are of different materials and the design temperature is greater than 40°C (l00°F) , the 
design shall account for differential shell course expansjon with regard to out of plane bending in the carbon steel plates. Use of 
stiffeners or thicker carbon steel plates may be required. 

11

1 

SC.3.2.4 The required nominal shell thickness shall not be less than the greatest of the design shell thickness plus corrosion 
allowance. hydrostatic test shell thkkness, or the nominal plate thickness listed in 5,6.1.1 (note 4 does not apply to the first shell 
courses made of stainless steeiJnaterial). 

SC.3.3 When t11e roof and shell are of clifferent materials and the operating temperature is greater than 40°C (100°F) , U1e 
design shall account for differential component expansion. Use of stiffeners or thicker component members may be required. 

SC.3.4 NOZZLES AND MANWAYS 

SC.3.4.1 Reinforcement requirements of 5.7 must be mruntained except lns.erl plates shall comply wiU1 SC 3,2.2. 

• SC.3.4.2 Nozzles and ruanways shall be of the sarne material as tl1e shell course unless othervvise specified by the Purchaser. 

SC.3.4.3 l~cinforcing plates for shell penetrations shall be carbon steel to carbon steel and stainless steel to stainless steel even 
if the nozzle material differs from rhe shell mate1ial. 

o9 SC.4 Miscellaneous Requirements 

SC.4.1 Chemical cleaners and pickling solutions used shall not have a detrimental effect on the stainless steel or carbon steel in 
mixed material tanks ami therr welded joints. ChemicaJ cleaners and pickling solutions shall be disposed of in accordance with 
laws and reguJations governing the disposal of such chemicals. The use of chemical cleaners shall always be followed by thor
ough rinsing with parable water and drying (see S.4.9 and X.4.5). 

SC.4.2 Impact tests are not required for austenitic stainless stet:> I weld metals and heat-afrected zones. Impact tes1s of the car
bon steel or duplex stainless steel heat arfected zone sba.JJ be performed when required by the basic document or Appendix X. 

• SC.4.3 Post weld heat treatment of austenitic stainless steel and duplex strunless steel materials need not be performed unless 
specified by the Purchaser. PWHT of carbon steel components shall be performed when required by the basic document. For 
mixed material nozzle assemblies, the PWHT requirements of 5.7.4 are not mandatory except when specified by the Purchaser, 
The Purchaser is caulioned that mixed mat~.>rial nozzles with duplex stainless steel should not be PWI-IT due to t.he potential dam
aging effects of high temperature on tl1e duplex material. The Purchaser is advised ro discuss with a materials consultant 01 mill 
representative to determine what PWHT can be done for the specific material/chemistry/configuration. 

SC.4.4 Surfaces of carbon steeJ plates shall be free of rust and scale prior to welding to stainless steel plates. 

SC.4.5 At butt welds between stainless and carbon steel, at least one side of the joint shaJI bt" beveled with land not to exceed 
t/3 in order to prevent excessive weld metal dilution. 

SC.4.6 Internal galvanic corrosion will occur by using mixed material construction and addicional mitigation such as appropri
ate localized coaUngs should be considered. 

SC.4. 7 Where substantial quantities of uncoated stainless steel are welded to coated carbon steel, accelerated corrosion rates 
are possible at l10lidays in the carbon steel coating. 



APPENDIX T -NDE REQUIREMENTS SUMMARY 

Reference 
Process Welds Requiring Inspection Section 

Air Test Reinforcement plate welds inside and outside 10 100 kPa (15lbf/in.2). 7.3.4 

Air Test Roofs designed to be airl ight if roof seams are not vacuum-box tested. 7.3.7.la 

Air Test Appennix F roofs during hydro-test of tanks. f.4.4 

Air Test Alun1inum dome roofs if required to be gas-tight. G.l0.1.2 

Air Test Shop buiJt tanks if not tested per 7.3.2 - 7.3.7. ].4.2.2 

Air Test Shop fabricated compartments (pontoons). Test in sbop and field. l-1.6.4 

Hydro Tank shell. 7.3.6 

MT Flush-type shell connecrions: Nozzle-to-rank sheU. Repad welds, shell-to-bottom reinforcing 5.7.8.11 
pad welds on the root pass, each 12.5 mm (1/2 in.) of weld, and completed weld. Mter stress 
relieving before hydro-test. 

MT Pennanent attachment welds and temporary weld removal areas on Group IV. IVA. V, and VI 7.2.3.5 
matelials. 

MT Completed welds of stress relieved assemblies before hydro-test. 7.2.3.6 

MT First pass of I he internal shell-to-bottom weld unless inspected by penetrating oil or PT or VB. 7.2.4.1a 
Not required if the final weld is tested by pressure (see 7 .3.4,2) or if agreed to by Purchaser 
and tbe final weld is tested by MT, PT or VB. 

MT Final shell-to-bottom welds, inside and outsjde i.nstead of MT. PT, pen. oil. or VB of the initial 7.2.4.3c 
Inside pass. 07 

MT Shell-to-bottom fillet welds including the root pass. 20 mm ('12 in.) , and final surface of M.4.2 
Appendix M tanks for which Lhe stress concentration factor o.f K = 2.0 is used. 

MT Non-structural small attachments such as insulation clips (not supports) studs and pins not 7.2.l.l l 
welded by capacitor discharge. Unless tested by liqujd penetrant. 

Pen. Oil All sean1s of internal floating roofs exposed to liquid or vapors unless VB tested. H.6.2 

Pen. OH First pass of the internal shell-to-bottom weld if approved instead of MT or PT. 7.2.4.ld 

Pen. OiJ Tank sheJJ if no water for hydrostatic test. 7.3.5 

Pen. Oil Deck seams of external floating roofs. CA.2 

Pen. Oil Welded shell joints above the hydrostatic test water level unless vacuum-box tested. 7.3.6.1 

Pen. Oil CompaJtmenl welds of e.xtemal floating roofs not tested with internal pressure or VB. C.3.6 

PT Pem1anent attaclunent welds and remporary weld removal areas on Group N , NA, V. VT 7.2.3.5 
materials instead of MT if approved. 

PT Welds attaching nozzles, man ways, and clean out openings instead of MT if approved. 7.2.3.6 
PT First pass of the internal sheJJ-to-botlom weld if approved instead of MT. 7.2.4.lb ore 
PT Final shelJ-to-bottom welds, inside and outside instead of MT, PT. pen. oil. or VB of the initiaJ 7 .2.4.3r 

inside pass. 

PT All aluminum structw-aJ welds and components joined by welding. Gll.3 

PT Slain less steel tank sheU-to-bottom welds. opening connections not radiographed aU welds of S.4.14.2 
attachments to shells. and all butt welds of annular plates on which backing sllips are to 
remain. 

PT Non-strunural small aUachments such as insulation clips (nol supports) studs and pins not 7.2.1.11 
welded by capacitor disd1arge. Unless tested by magnetic parrlcle. 
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RT Shell plate bull welds unless examined by UT with Purchaser approval RT is not required for 7.3.2.1. 
Appendix A. J. and S tanks where the Joint Efficiency of 0. 7 is used. A5.3. 

$.4.14.1 
RT Butt wt>lds of annular plates that are required by 7.5.1 or M.4J. 8.1.2.9 

RT Flush-type shell connections: LOO% of al l longitudinal butt welds in the nozzle neck and tran- 5.7.8.11 
sition piece. if any, and the first circumferential butt weld in t11e neck closest to the shelL 
excluding the neck-to-nange weld. 

RT Shell vertical and horizontal welds which have intersecting openings and repads-100% over 5.7.3.4 
weld length 3 times the diameter of the opcn.ing. 

Tracer Gas Entire length of bottom weld joints as an alternative to vacuum-box testing. 7.3.3.b 
UT Shell plate butt welds if approved by Purchaser. 7.3.2.1 

VB First pass of the internal shell-to-bottom weld if approved instead ofMT. PT. or Pen. Oil. 7.2.4.1e 

VB Bottom welds. 7.3.4a 

VB Welds of roofs designed to be gas-tight if not air tested. 7.3.7.1 

VB All seams of internal floating roofs exposed to Uquld or vapors if not tested by penetrating oil. H.6.2 

VB Seams of fl exible membrane liners for leak protection. 1.6.2 
VB Welded sl1elJ joints above the hydrostalic test water level unless tested wiU) penetrating oil. 7.3.6.1 

VB Shell-to-bottom weld joints. 7.2.4 .3c 
01 VE folush type shell connections: Nozzle-to-tank shell. repad welds, shell-to-bottom reinforcing 

pad welds on the root pass. each 20 mm (1/2 in.) of weld, and completed weld. After stress 
5.7.8.11 

relieving before hydro-lest 

VE Tack of shell butt welds left in pJace. 7.2. 1.8 

VE Permanent attadtrnent welds and temporary weld removal areas on Group IV, rYA, V. and VI 7.2.3.5 
materials. 

VE Completed welds of stress relieved assemblies before hydro-test. 7.2.3.6 

VE First pass and final weld inside and outside of the internal shell-to-bottom weld. 7.2.4.1 , 
7.2.4.2, 
7.2.4.3 

VE All shell plate butt welds. 7.3.2. 1 

VE All fillet welds includlng roof plate welds. 7.3.2.2 

VE Upper side of the upper deck welds of pontoon and double deck floating roofs. C.4.4 

VE All aluminum structural welds and components joined by welding. Gl l .3 

VE Joint fit-up of butt welds of bottoms supported by griUage and eacll weld pass. I.7.4 

VE Non-structural small attachments such as insulation clips (not supports) studs and pins 7.2.1.1 1 
including those welded by capacitor disdmge. 

VE Leak barrier, leak barrier penetrations, attachments to ring walls and other appurtenances. 1.6.1 

VE Bottom welds. 7.3.3 

VE Roof welds not designed to be gas-tight. 7.3.7.2 

Water Bottom welds if not vacuum-box or tracer gas rested. 7.3.3c 

Water Exiernal floating roofs- flotation test. C.4.3 

Water External floating roof drain pipe and hose systems with pressure. C.4.5 

Water Aluminum dome roofs after completion. G.lO.l.L 

Water Internal floating roofs flotation test. H.7.3 



Definitions: 

WELDED TANKS FOR OIL STORAGE 

MT = Magnetic ParUcle Examination 

Pen Oil= Penetrating Oil Test 

PT = Liquid Penetrant Examination 

RT =Radiographic Test ing 

VB = Vacuum-Box Testing 

VE =Visual Examination 

T·3 

Acceplance Standards: 

MT: ASME Section VIII. Appendix 6 (Paragraphs 6-3. 6-4. 6-5) 

PT: ASME Section Vlii. Appendix 8. (Paragraphs 8-3, 8-4, 8-5) 

RT: ASME Section VIII. Paragraph UW-51 (b) 

Tracer Gas: API Std 650. Section 8.6.11 

UT: For welds exam ined by UT i.n lieu of RT. acceptance standards are in Appendix U. For UT when RT is 
used for the requirements of 7 .3.2.1. the acceptance standard ls as agreed upon by the Manufacturer and 
Purchaser. 

VB: APl Std 650. Section 8.6 

VE: API Std 650. Section 8.5 

Examiner Qualifications: 

MT: API Std 650. Section 8.2.3. 

PT: API Std 650, Section 8,2.3 

RT: ASNT SNT-TC-lA Levelll or Ill. Level-l personnel may be used under the supervision of a Level ll or 
Levellll with a written procedure in accordance with ASME Section Y. Aiticle 2. 

Tracer Gas: None 

UT: For welds examined by UT in lieu of RT, the inspector must be .AS NT-TC- IA 01 CP- 189 Level U or 
Level Ill. For UT when RT is used for the requirements of 7 .3.2.1 . the requ ired qualifications are ASNT-TC-
1 A Level II or Level Ill. A Level I may be used with restrictions- see APT S1:d 650. Section 8.3.2. 

VB: None 

VE: None 

Procedure Requirements: 

MT: ASME Section V, Article 7 

PT: ASME Section V, Article 6 

RT: A proceciure is not required. However. the examination method must comply with ASME Section V, 
Article 2. Acceptance standards shall be in accordancr with ASME Section VlTT, Paragraph UW-51 (b), 

UT: For shell welds examined by Ui in lieu or RT. ASME. Section V. Article 4 and U3.5. For welds when 
RT is used for the requirements of 7 .3.2.1. ASME Section V. 

VB: None 

VE: None 

Tracer Gas: APl Std 650, Section 8.6.J l .a. 

07 



APPENDIX U-ULTRASONIC EXAMINATION IN LIEU OF RADIOGRAPHY 

U.1 General 

U.1.1 PURPOSE 

This appendhc. provides detailed ru les for rhe use of the ultrasonic examination (un method for the examination of tank seams as 
pennitted by 7.3.2.L This altemative is limited to joints where the thickness of the thinner of the two members joined is greater 
U1an or equal to 10 mm (lfs in.). 

U.1.2 APPLICATION AND EXTENT 

The provisions of 8.1 governing: 

a. When adjacent plates may be regarded as tile same thickness. 

b. Application (see 8.1.1), and 

c. Number and Locations (see 8.1.2) 

shall apply to this ultrasonic method. When these sections refer to radiography. for purposes of 1 his appendix, they shall be read as 
applied toUT. 

U.2 Definitions 

a. documenting: Preparation of text and/or and figures. 

b evaluation: All activities required in U.6.3 through U.6.6 to detennine the acceptability of a flaw. 

c. flaw: A reflector that is not geometric or metallurgical in origin that may be detectable by nondestructive testing but is nol 
nec-essarily rejectable. 01 

d. flaw categorization: Whether a flaw is a surface flaw or is a subsurface naw (see U.6.4). Note !ltat a flaw need not be sur
face-breaking to I.Je categorized as a surface flaw. 

e. flaw characterization: The process of quantiiying the size. location and shape of a flaw. See U.6.3 for size and location. 
The only shape charactelization required by this appendix is applied to dte results of supplemental surface examination by MT or 
PT (see U.6.G.2). 

f. indication: That which marks or denotes rhe presence ofa reflector. 

g. interpretation: The detemlinalion of whether an indication is relevant or non-relevant. i.e., wheLher it originates from a geo 
metric or metallurgical feature or conversely originates from a naw (see U.6.2). 

h. investigation: Activities required to determine the interpretation of an indication (see U.6.1 and U.6.2) . 

i. recording: The writing of ultrasonic data onto an appropriate electronic me<Hum . 

j. reflector: An interface at which an ultrasonic beam encounters a change in acoustic impeclauce and at which at least part of 
U1e energy is reflected. 

U.3 Technique 

• U.3.1 The UT volume shaJI include the weld metaL plus the lesser of 25 mm (1 in.) or t of adjoining base metal on each side of 
the weld unless otherwise agreed upon by U1e Purchaser and the Manufacturer. 

U.3.2 UT for the detection of flaws shall be perfom1ed using automated, computer-based data acquisition except that scanning 
of adjacent base metal for flaws I hal can interfere with the examination may be performed manuaJly. UT for sizing of flaws shall 
be pe1fonned as described in U.6.3.1 

• U.3.3 A documented examination strategy or scan plan shall be provided showing transducer placement, movement. aud com
ponent coverage that provides a standardized and repeatable methodology for weld acceptance. The scan plan shall also include 
ultrasonic bean1 angle to be used, beam directions with respect to weld centerline. and tank material volume examined for each 
weld. The documentalion shall be made available to the Owner upon request. 
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U.3.4 Data from the examination volume, per U,3.1. shall be recorded and/or documented as follows: 

a. For automated computer-based scans. data shall be recorded using the same system essential variables. specified value or 
07 range of values, used for the demonstration of the procedure per U.4.3. 

b. For manual scans, results shall be documented in a written report. 

• U.3.5 The UT shaJJ be performed in accordance with a written procedure which has been reviewed and approved by the Pur
chaser and conforms to the requirements of Section V. Article 4, except that: 

os a. the calibration block shown in Figure T-434.2.1 of Section V, Article 4 shall be used, and 

b. for examination techniques that provide plate quality information (e.g. , TOFD). the initial base material straight-beam examj
nation need not be performed. 

U.3.6 The examination methodology (including U.6.6) shall be demonstrated to be effective over the full weld volume. It is 
recognized that Time of Flight Dil'fraction (TOFD) may have Hmitations in detection of flaws at the surface such that it rnay be 
necessary to supplement TOFD with pulse-echo techniques suit;;~ble for the detection of near-field and far-field flaws. The variety 
of surface and sub-surface category flaws in the test plate mandated by U.4.3a are intended to ensure that any such limitations are 
adequately addressed. 

U.4 Personnel Qualifications and Training 

07 U.4.1 Personnel Qualifications- Personnel pe1forrning and evaluat'in.g UT examinations shall be qualified and certified in 
accordance with their employer's written practice. ASNT SNT-TC-JA or CP-189 shaJI be used as a guideline, Only Level-nor 
Level-Ill personnel shall perform UT examinations, analyze U1e data, or interpret the results. 

U.4 .2 Qualification Records- Qualification records of certified personnel shall be appr'oved by tt1e Manufacturer and main
tained by their employer. 

• U.4.3 Personnel Testing- Personnel who acquire and analyze UT data shall be trained using the equipment ofU.3.2, and tbe 
procedure of U.3.5 above. AddHionally. they shall pass a practkal examinaUon based on the technique on a blind test plate. The 
testing program details shall be by agreement between the Purchaser and the inspection company but shall in any case include the 
following elements as a minimum: 

a. The test plate shall contain a variety of surface and sub-surface category flaws including multiple flaws described in U.6.5. 
08 Some of the flaws shall be acceptable and others unacceptable per the applicable criteria of Tables U-1 a or U-1 b. 

b. The practical examination should cover detection. interpretation. sizing, plotting. categorization. grouping, and characteriza
tion that is sufficient to cover the cases outlined in U.6. 
c. Criteria for passing the test sl1aU include limits on the number of miscalls, both of rejectable flaws missed or accepted and 
acceptable regions rejected. 
d. Testing shall he faciHtated by a third-party or by the Purchaser. 

U.S Level Ill Review 

U.5.1 The final data package shall be reviewed by aUT Level-In individual qualiflec.l in accordance with U.4.J and U.4.3 
above. The review shall include: 

07 a. The ultrasonic data record. 

b. Data interpretations. 
c. Evaluations of indications performed by another qualified Level-11 or Level-ill individual. The dara review may be performed 
by another individual from the same organization. 

U.5.2 Alternatively. the review may be acrueved by arranging for a data acquisition and initial interpretation by a Level~ II indi
vidual qualified in accordance with. U.4.1 and U.4.3 abovE!, and a final interpretation and evaluation shall be pe1fonned by a 
Level-ill individual qualifled per U.5. L 

U.6 Interpretation and Evaluation 

U.6.1 Investigation Criteria-Reflectors that produce a response greater than 20% of the reference level shaJJ be investig-clted. 
Alternatively. for methods or techniques d1at do not use ampUtude recording levels, sized reflectors longer than 40% of the 
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acceptable surface or subsurface flaws in Tables U-la and U-J b shall be investigated. The investigation shall interpret whether the 08 

indkaHon originates from a flaw or is a geometric indication in accordance wllh U.6.2 below. When the reflector is detennined to 07 
be a flaw, the flaw shall be evaluated and acceptance criteria ofTaules U-la and U· Lb as applicable shall apply. os 

U.6.2 Interpretation as Geometric/Metallurgical- Ultrasonic indications of geometric and melallurglcal origin shall be 
interpreted as follows: 

U.6.2.1 Indica lions that are detem1ined to Qriginate from the surface configurations (such as weld reiuforcement or root geom· 07 

etry) or variations in metallurgical structure of materials may be interpreted as geometric indications, and 

a. Need not be sized or categolized in accordance with U.6.3 and U.6.4 below; 

b. Need not be compared to the allowable flaw acceptance criteria of Tables U-la and U-2b: 08 

c. The maxim om indication amplitude (if applicable) and location shall be documented, for example: internal altarhrnents. 200% 
DAC maximum amplitude. one(!) in. above the weld centerline, on the inside surface, from 90° to 95°. 

U.6.2.2 The following steps shall be taken to classify an indication as geometric: 

a. Interpret the area containing the indication in accordance with the applicable examination procedure; 

b. Plot and verify the indicatjon 's coordinates. provide a cross-sectional display showing the iudiciJHOn 's position and any surface 
conditions such as root or counter-bore: and 

c. Review fabrication or weld prep drawings. 

U.6.2.3 Alternatively. other NDE methods or techniques may be applied to interpret an indjcalion as geometJic (e.g., alterna- 07 

live UT beam angles. radiography. ID and/or OD profiling). 

U.6.3 FLAW SIZING 

U.6.3.1 I' laws shall be sized using automated. computer-based data acquisition or by a supplemental manual technique that has 
been demonstrated to perform acceptably per U.4.3 above. 

U.6.3.2 The dimensions of the flaw shall be defined by the rectangle thar fully contains the area of the !law. The length (/) of 
the naw shall be rtrawn parallel to the inside pressure-retaining surface of the component. The height (/1) of the !'law shall be 
drawn normal to the inside pressure-retaining surface. 

U.6.4 FLAW CATEGORIZATION 

If the space between the surface and the flaw in the through-thickness direction is less than one-half the measured height of the 
flaw. then the flaw shall be categorized as a surface flaw with flaw height extending lo the surface of the material. 

U.6.5 GROUPING OF MULTIPLE FLAWS 

U.6.5.1 Discontinuous flaws that are oriented primarily in parallel planes shall be considered to lie in a single plane if the dis-
tance between the adjacent planes is equal to or less than 13 mm (l/2 in.). os 

U.6.5.2 If the space between two naws aligned along the axis of weld is less than rhe length of the longer of the two. the two 
flaws shaU be considered a single flaw. 

U.6.5.3 If the space between tvvo flaws aligned in the through-thickness direction is less than the height of the flaw of gr~ater 07 
height. tl1e two flaws shaJI be considered a single !law. 

U.6.6 FLAW ACCEPTANCE CRITERIA 

U.6.6.1 Acceptance Criteria Tables- Flaw dimensions resuJting after the appHcalion of the rulf's of U.6.3. U.6.4 and U.6.5 
shall be evaluated for acceptance using the criteria of Tables U· la and U-1 b. 08 

U.6.6.2 Sw·face Examination- Flaws categotized as surface flaws during the UT exan1ination may or may not be surface-
connected. Therefore. unless the UT data analysis confirms d1at the flaw is not surface-connected. a supplemental surface exami 07 

nation (MT or PT) shall be performed in accordance with 8.2 or 8.4 as applicable for aU surface Oaws. Any naws which are 
detected by MT or PT and characterized as planar are unacceptable regardless of length. 
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U.7 Repairs 

All repaired areas, plus the lesser of 25 mm (1 in.) or tof the adjoining weld on each side of the repair, shall be reinspected per this 
Appendix. 

01 U.S Flaw Documentation 

08 

07 

08 

07 

In addition to the data record prescribed by U.3.4, written documentation shall be produced for each unacceptable flaw and those 
acceptable flaws that either exceed 50% of reference level for amplitude based techniques or exceed 75% of the acceptable length 
for non-amplitude techniques. 

Table U-1a-(SI) Flaw Acceptance Criteria for UT Indications May be Used for All Materials 

ACCEPTABLE FLAW LENGTHS-(~ mm 

For Surface Flawb For SubSurface Flaw 

Thickness at Weld W 
With Height. (h) mm With Height. (h) mm 

mm 2 2.5 3 2 3 4 5 6 

10 to<.l.3 8 8 4- 14 5 4 Not Not 
al lowed allowed 

13 to<l9 8 8 4 38 8 5 4 3 

1910 < 25 8 8 4 75 13 8 6 5 

25 to< 32 9 8 4 100 20 9 8 6 

32 to < 40 9 8 4 125 30 10 8 8 

4010<44 9 8 4 150 38 JO 9 8 

a. f= thlckness of Lhe weld excluding any allowable reinforcement. For a butt weld joining members having different thickness al, I he weld. r is 
the thinner of the two. 
b. Any surface flaw, to be deemed acceptable, must satiSfy both the size Um iralions of this table and additionally satisfy the MT/PT character
ization limitations of U.6.6.2 

Table U-1 b- (USC) Flaw Acceptance Criteria for UT Indications May be Used for All Materials 

ACCEPTABLEFLAWLENGTHS-(~ in. 

For Surface Flawb For SubSurface Flaw 

1llickness ill Weld (t)• 
With Height, (h) in. With Height, (h) in. 

in. 0.08 O.JO 0.12 0.08 0.12 0.16 0.2 0.24 

0.375 10 < 0.50 0.30 0.30 0.15 0.55 0.20 0.15 Not Not 
allowed allowed 

0.5010 < 0.75 0.30 0.30 0.1 5 1.50 0.30 0.20 0.15 0.10 

0.75 to < 1.0 0.30 0.30 0.15 3.00 0.50 0.30 0.25 0.20 

l.O to < 1.25 0.35 0.30 0.15 4.00 0.80 0.35 0.30 0.25 

1.25 to < 1.50 0.35 0.30 0.15 5.00 1.20 0.40 0.30 0.30 

1.50 to < 1.75 0.35 0.30 0.15 6.00 1.50 0.40 0.35 0.30 

a, t= thickness of the weld excluding any allowable reinforcement. For a butt weld joining members having different thickness at t.he weld, r 
is the thinner of the two. 
b. Any swface flaw, to be deemed acceptable, must satisfy botl1 the size limitations of this table and additionally satisfy the MTIPT character
ization limitations of U.6.6.2 



APPENDIX V-DESIGN OF STORAGE TANKS FOR EXTERNAL PRESSURE 

• V.1 Scope 

This appendix ptovides minimum requirements lhatmay be specified by the Pul'chaser for tanks that are designed to operate wilh 
external pressure (vacuum) loading as a normal operating condition. This appendix is intended to apply to tanks for which the 
normal operating external pressure exceeds 0.25 kPa (0.036 Jbf/in.2) but does not exceed 6.9 k.Pa ( l.O lbf/in. ~ , This appendix is 
intended for use with tanks subject to unifonn external pressure. The requirements in this appendLx represent accepted practice for 
application to flat-bottom tanks. However. the Purchaser may specifY other procedures or additional requirements. Any deviation 
from the requirements of this appendjx must be by agreement between the Purchaser and the Manufacturer. See V.ll for a discus
sion of the technical basis for this appendix. 

V.2 General 

The design procedures presented in this appendix are intended to allow the user (o evaluat.e the design of the bottom. shell and 
fixed roof of tani\S that oprrate under partial varuum conditions. See Appendix R for requirements for combining external pres-
sure loads with other design loads. The requirements of this appendix are not intended to supersede the requirements of other 
appendices of t.his Standard that may be specifkd. For Appendix AL, M. Sand SC tanks. tJ1e variables ill U1e equations prescribed 1

08 
in this appendix shall be modified in accordance with tile requirements of Appendkes AL, M, Sand SC. respectively. 

V.3 Nomenclature and Definitions 

V.3.1 NOMENCLATURE 

e = angle between a horizontal plane and the surface of the roof plate (degrees) 

Ar~qtl : total required cross-sectional area of the stiffener region. mmZ (in.Z) 

Al>tiiT = required cross-sectional area of stiffener, nun2 (in.2) Note: Aslifr must be at least 1/2 x A1018t 

D = nominal tank diameter, m (ft) 
Dl = d<.>ad load, the weight of the tank or tank component calculated using nominal thickness unless otherwise speci

fi ed, kPa (lb/ft2) 

E = modulus of elasticity of the roof plate material, MPa. (lb/in.2) 
f = smaJ!est of the allowable tensile stresses (see Tables 5-2a aud 5-2b) of the roof plate matrrial, shell plate material or 

stiffener ring material at thE> maximum operating temperature. MPa (lb/in.Z) 
~· = smallest of the allowable compressive stresses of the roof plate material, shell plate material, bottom plate material 

or stiffener ring material at the maximum operating temperature, MPa Ob/in.2). ( = 0.4F1 of components consid

ered for the intermediate and bottom stiffener regions. However. J;.. need not be less than 103 MPa (15,000 lb/in. 2) 
~- = 0.6F), of components considered for the top end stiffener region. However, J;. need not be less than 140 MPa 
(20,000 lb/in.2). 

F_y = yield strength of the cornponent at the maximum operating temperature. MPa (lb/in.2) 

Gm = unit weight of liquid inside tank kg!m3 (Jb/ ft3) 

Gout = unH weight of flood Uqwd. kg!m3 (lb/ ft3) (1000 kg/m3 [62.4 lb/ ft3J for water) 

H = shell height. Ill (ft) 
bt. h2 ... li11 = height of shell courses l. 2, 3. through n. respectively, m (ft) 

Ht11 = height or depth of liqttid inside rank. rn {ft) 

Hsare = maximum height of unstifiened shell permitted, based on lsmiu· m (ft) 
J-JTS '"' Transfonued height of tank shell, Ill (ft) 

lac:t = The actual moment of iner'tia of the sti !Tener ring region. cm4 (in. 4) 

lreqd = required moment of inet tia of the stiffener ring. cm4 (in.1) 

DELETED 

V-1 
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Lt. Lz = distances between adjacent intermediate stiffeners or intermediate stiffener and top of shell or bottom of shell, 
respectively, m lft) 

Lr = minimum roof live load on horizontal projecred area of the roof. kPa (lbtn'2) = l.OkPa (20 lb/ft2) 
L:. = (L, + l2) J 2, rn (ft) 

N = number of waves into which a shell will buckJe under external pressure 
N~ = number of lntennediate sti ffeners 

Pe = specified external pressure, kPa (lblfi2) 

Pr = total design external pressure for design of roof. kPa (lb/ft2). 

P~ = total design extemaJ pressure for design of shell. kPa (Jb/ft2) . Ps = the greater of 1) the specified design external 

08 1 pressure. P eo excluding wind or 2) W + 0.4Pe (see R.2 of Appendix R for an important consideration). 

ll 

IJI = stab]lity factor lsee V.8.1 for values) 
Q = radial load imposed on the iutennediate st iffener by the shell. N/rn llb/in.) 

q5 = first moment of area of stiffener for design of stiffener attachment weld, mm3 (in) ) 
R = roof dish radius, 111 {ft) 
S = specified snow load , kPa (lb/ft2) 

Sd = allowable deslgn stress. Mpa. (Jb/in.2) 
t = nominal shell thickness. 11101 (in.) 

I& = nominal thickness of bottom plate under the shell, mm (in.) 
l~.:one = required nomiualthickness of cone roof plate, mm {in.). Maximum corroded thickness shaH be 12.5 mm (0.5 in.) 

fnome = required nominal thickness or dome roof plate, mm (ln.). Maximum corroded thickness shall be 12.5 mm (0.5 in.) 
lsi· ls2· .. t5n = nominal thickness of cylindrical shel l course 1. 2 ... n, mm (in.). where the subscript numbering is from lop to bot

tom of the shell. Note: The subscript 1 denotes the top shell course and n denotes the lowest shell course. 
tshcll = nominal thickness of shell at level under consideration, nUll (in.) 
(smin = nominal thickness of thinnest shell course, mm (in.) 

V1 = radial load imposed on the stiffener by the shell. N/m (lb/io.) 

Vs1 = radial pressure load imposed on tJ1e stiffener from the shell for sizing the stiffener attachment weld, N/m (lb/ft) 

Vs = radial shear load on stiffener for sizing rhe stiffener attachment weld, N (lb) 
11~2 = weld shear flow load imposed for sizing the stiffener attachment weld, N/m (lb/ft) 

W = maximum wind pressure consistent wiU1 U1e specified design wind velocity. kPa (lb/ftl). The maximum wind 
08 1 pressure shall he calculated as follows (see 5.9.7.1, Note 2): 

In Sl units: 

In US Customruy units: 

where 

• V = specifled design wind velocity (3-sec gust), kph (mph). 

lo/hott = weight of bottom plate, kglmZ (lb/ft2) 
Wslwll = contributing width of shell on each side of inlennediate stiffener, mm (in.) 
xhtttl = length of bottom plate within tension/compression ring region. mm (in.) . xbtm= 16 lb 

Xtone = length of cone roof within tension/compression ring region. mrn (in.) 
Xdonw = length of umbrella or dome roof within tension/compression ring region, mm (in..) 

Xsll~ll = length of shell within tension/compression ring region, mrn (in.) 
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V.3.2 DEFINITIONS 

• V.3.2.1 specified external pressure: External pressure specified on the tank data sheet (see App~ncUx L) by the Purchasec 
This specified value excludes any external pressure due to wind. 

V.3.2.2 total design external pressure for the roof (P,): Sum of the specified external pressure and the roof live lo(ld or 
snow load and the dead load as provided in V.7.l. 

V.3.2.3 total design external pressure for the shell (P 5 ) : Sum of the specified extemaJ pressure and the external pres- 10s 
sure due to wind as combined in V.8.1 .2. 

V.4 Construction Tolerances 

The procedures prescribed in this appendix are only valid for tanks that satisfy I he construction tolerauces of 7.5. 

• V.S Corrosion Allowance 

Unless specified otherwise by 01e Purchaser. the evaluation of tanks in accordance with the requirements of this appendix may be 
based on the nominal thickness of the pressure-resisting components. [f rhe nature of lhe tank service conditions is such Lhat cor
rosion will resu lt in a Ul)iform loss of thickness of the affected components. the Purchaser should specify that corrosion allowance 
be deducted from the nominal ihlckness used in the evaluatjon. 

• V.6 Testing 

Testing of the tank design for external pressure is not required by this appendix. but may be performed if specitled by the 
Purchaser. 

V. 7 Fixed Roof 

The total rlesign extemal pressure loading, Pr. on the roofls determined by the following equation: 

Pr= The greater of DL + (Lror .s) + 0.4 Pn or Dr_+ PI! + 0.4 (L,.or 5) 

V.7.1 COLUMN-SUPPORTED CONE ROOF 

Column-supported cone roofs may be used on tanks designed for external pressure. providing the design and construction satisfy 
the following requirements. 

• V. 7 .1.1 The roof plate spanning between support rafters may be designed as a simple beam spanning several supports, or as a 
catenary beam spanning between supports. or as a diaphragm. by agreement between the Purchaser and the Manufacturer. 
Regardless of the design method selected, the following considerations shall be addressed in the design: 

a. Allowable stress for both membrane and bending. 

b. Joint efficiency of welds joining the roof plates together. 

c. Assumed end fixity condi tions for plate (beam) span. 

d. Allowable deflection criteria, 

If the roof plate is designed as a calenary beam, I he following additional considerations shaJ I be addressed in the design. 

e. Possibility of stress reversal and fatigue loading of welds at and between supporrs of d1e roof plate. 

V. 7.1 .2 Additional guidance on the design of supported cone roo I' plates for pressure loading may be found in References 8 and 
9. for example, and in other published texts. 

V.7.2 SELF·SUPPORTING CONE ROOF 

V.7.2.1 The required thickness of the roof plate is determined by the following equation. However, the thickness shall not be 
less than that required by 5.10.5.l. 

II 
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In Sl units: 

t = 83D J P, 
rom· s in e 1.72£ 

ln US Customary units: 

V.7.2.2 The total required cross-sectional area 1n the cone roof-to-shell joint region for external pressure on the roof is detrr
rnined by rhe following equation. 

L1 SI units: 

In US Customary units: 

t25P,.d 
A,"'~~ = ftan 9 

2 P,.D 
Alf!ld =s -=---::r-ta_n_e 

V.7 .2.3 The length of cone roof considered to be within the top tension/compression ting region is detennined by the following 
equation (see Figure V. l A): 

In Sl units: 

In US Customary units: 

V.7.2.4 The vertical dimension measured from the top of lbe shell or top angle considererl to be within the tension/compression 
ring region is determined by the foJJowing equation (see Figure V.l A): 

ill SJ units: 

For the top tension/compression region: 

X.ttell = 13.4 JDi:, 

ln US Customary units: 

For tJ1e top tension/compression region: 

For the bottom tensionlcompression region: 

x,,~·l t = t3.4 .fl5l:n 

For the bottom tension/compression region: 

X,11.u = 1.47 )DI,,. 

V. 7 .2.5 The required cross-sectional area of the top stiffener structural shape is determined by the following equation: 

Astjff = Ar~qd - fsJ Xshell - lcororXcone 
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Note: See Appendix F. Figure F-2 for alternative configurations and 
associated limitations on structural section used for top sti ffener. 

Figure V-1 A-Dimensions for Self-Supporting Cone Roof 
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V.7.3 SELF-SUPPORTING DOME OR UMBRELLA ROOF 

V.7 .3.1 The required U1ickness of !he roof plate is determined by the fol lowing equation~. However, the thickness shall not be 
less than thai re~u i red by 5.1 0.6. J. (Note that design in accordance with API Std 620 is permitted for dished dome roofs meeting 
ll1e requirements of API Std 620, 5.10.5.1.) 

In Slunits: 

t,1, ,. ; J 41 R H (for umbrella and dome roofs) 

In US Customary units: 

fauuoe = 4.4 7 R Ji (for umbrella and dome roofs) 

V. 7 .3.2 The total required cross-sectional area in the dome or umbrella roof-to-shell joint region for external pressure on the 
roof is determined by the following equation. However, the area shall not be less than U1at required by 5.10.6.2. 

In Sl units: 

Jn US Customary units: 

V. 7 .3.3 The length of dome or umbrella roof considered to be within the top tension/compression ring region is determined by 
the following equation: 

Tu SI unHs: 

Xdomc = 19.0JRTdom• 

In US Customa1y units: 

Adomr = 2.1./RTuww 

V.7 .3.4 The length of shell considered to be within the top !ensionlcompresston ring region is detem1ined uy the following 
equation (see Figure V.l B): 

In SI units: 

In US Customary units: 

V. 7 .3.5 The required cross-sectional area of the top stiffener structural shapE' is detem1ined by the following equation: 

Astiff = Areqd - (~I 1~1lcll - ldomeXdomP 

Astirf= 7.21 - (0.31 25) (7.21) - (0.529) (1 1 .7) 

Astilf = - 1.23 in. 2 

Note: This value should be recalculated, if necessary. after selection of final shell thickness. 
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Note: See Appendix. F. Figure F-2 for alternative configurations and 
associated limitations on structural section used for top stiffener. 

Figure V-1 B-Dimensions for Self-Supporting Dome Roof 
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V.S Shell 

• V.8.1 UNSTIFFENED SHELLS 

The procedure utilizes the nominal thickness of thinnest shell course and the transformed shell method to establish inlermediate 
stiffener number and locations. The equations in V.8.1.2 and VB. J .3 contain variables for a stability factor. 'I'· that is dependent 
upon the magnitude of the vacuum pressure. The equations also include a 0.8 "knockdown " factor for imperfections in the cylln
drical shell geometry. Shells shall be checked for rwo conditions: 1) the combined wind plus vacuum, and 2) for vacuum pressure 
alone. Each condHion shaJI be checked using the appropriate stability factor, \jf, as follows: 

ln Sf Units: 

Con~ition 1-Wind plus specified external (vacuum) pressure 

'I' ::. 1.0 for wind plus vacuum pressure lwhen vacuum pressure (Pe) is less than or equal to 0.25 k.Paj. For Utis case. 
Appendix Vis uotmandatory. 

lj! = [Pe + 0.70]/0.95 for wind plus vacuum pressure [when vacuum pressure (Pe) is greater than 0.25 kPa l.luiless Lhan 
or equal to 0. 70 kPa]. 

\II = [Pe/0.48] for Wind plus vacuum pressure [when vacuum pressure (Pe) is greater than 0. 70 kPa: however. 'I' need not 
exceed 2.5. 

Condition 2- Speci!1ed exlemal (vacuum) pressure only 

IV = 3.0 

ln US Customary Units: 

CondHion 1-Wlnd plus specified rxternal (vacuum) pressure 

'Jf = 1.0 for wind plus vacuum pressure [when vacuum pressure (Pe) is Jess U1an or equal to 5.2 psf] . For U1is case. 
Appendix V is not mandatory. 

\V [Pe + 15]120 for wind plus vacuum pressure [when vacuum pressure (Pel is greater than 5.2 psfbut less d1an or 
equal to 15 psfj . 

111 = IPe/ lOI for wind plus vacuum pressure I when vacuum pressure (Pe) is greater than 15 psf; however. 'If need not 
exceed 2.5. 

Condition 2- Specified external (vacuwll) pressure only 

\jl = 3.0 

V.8.1.1 For an unstiffened tank shell subjected to external pressure sulficient to cause buckling. buckling will occur elastically 
if the following criterion* is satisfied. Note that this criterion will typically be satisfied except for very sma 11, exceptionally thick 
tanks. If this cri terion is not satisfied. external pressure effects should be evaluated in accordance with the requ irements of the 
ASME Boiler and Pressure Vessel Code. Section Yin. Division 1. 

In ST units: 

In US Customary units: 

The equations in the following sections are applicable. providing the shell satisfies the crilerion of this sect ion. 

08
1 V.8.1.2 The design external pressure (using tl1e appropriate \If from V.8.1.l) and the specified exlernal (vacuum) r re.ssure (using 

~~ "" 3.0) shall not exceed for an unstiffened tank . 

.. Source is The StnH:tural Research Council (SSRC) text "Guide to Stability Desig11 Crjteria for Metal Structures." Serlion 14.3.5. 
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In SJ units: 

In US Customary units: 
08 

p or p ~ 0.6£ 
"' ' 'II( Hrs) ( JZ_)z.s 

D lsuur 

V.8.1.3 The equation in V.8.1.2 can be rewri tten to calculate the nominal thickness of !he thinnest shell course required for a 11 

speciOed design external pressure as 

In Slunits: 

1n US Customaty units: 
1.23(\ltJ-/ p )0.·1 dr, > '~' rs s 

' ' "''"- - 0 4 {E) 

V.8.1.4 For tanks with shell courses of varying thickness, the tJansfonned shell heighL. H1s. for the tank shE'll is determined in 
accordance with the following procedure: 

a. The transformed height of the shell is calculated as the sum of the transformed widths of the individual shell courses as 
described in ltem b. 
b. The transformed width of each individual shell course is calculated by multiplying the actual shell height by the ratio 
(lsll/3u) 2·5. Note that tst.,. tact for the lop shell course. 

The transformed shell height is determined fl'orn the following equaUon; 

(
t,1)H ('·~· 2 > ( l,~ 2.5 Hrs = h, -t +hz - + ... h,\r-
sl r, 5. 

The lransfomled shell height is an analytical model of tbe actual tank. The transformed shell has a uniform ~ticl<ness equaJ to the 
topmost shell thickness and a height equal to the transformed height. This analytical model of I he actual tank will have essentially 
an rquivalent resistance to buck! ing from extemaJ pressure as the actual tank. 

V.8.2 CIRCUMFERENTIALL Y STIFFENED SHELLS 

Tank shells may be strengthened with citcurnferential stiffeners to increase the resistance to buckling under external pressure 
loading. When circumferential stiffeners are used to strengthen the cylindrical shell to resist buckling due to exteTTlal pressure, the 
design of the sti!Teners shall meet che following requirements. 

V.8.2.1 Number and Spacing of Intermediate Stiffener Rings 

V.8.2.1 .1 Calculate the rransforrned shell height in accordance with V8.1.4. (See V.10 for a numerical example of the calcula
tion of the transformed shell height.) 

V.8.2.1.2 Calculate the nlaxirnum spacing of intermediate stiffeners. The equation In V.8.1.3 can be rearranged to solve for a 
"safe height'' of shell, Hsar~ . as follows. H.~af'e is U1e maximum height of unstiffened shell permitted , based on the transfom1ed 
shell thickness U~J) . 

In SI units: 

In US Customary units: 

us 

Oil 
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V.8.2.1.3 Calculate the number of intermediate stiffeners required, N5, based on H.'Wlfe· in accordance with the following equa
tion. A zero or negative value of Ns means tb3t no intennediate stiffeners are required. Rmmd up the calculated value of Ns ro the 
nearest integer for use in V.8.2.1.4 and subsequent calcuJations. 

V.8.2.1.4 Maximum stiffener spacing for each shell thickness shall be: 

L _ [ H rs J [ lJ_. ]1 s 
x - ( Ns + I ) t>tnon 

where 
L.v "" the s tiffener spackjng for a given shell thickness. 

fsx = rhe 01ickness of the shell in quesrion. 

V.8.2.2 Intermediate Stiffener Ring Design 

V.8.2.2 .1 The uumber of waves, N. into which a shell will theoretically buckle under uniform external pressure is determ ined in 
accordance with the following equation: 

rn sr units: 

rn US Customa1y unils: 

N = J5.33d zc:; wo 
tsn .... Hrs 

For design purposes, the minimum value of Nis 2 and the maximum value of N is I 0. Use the same N 2 for intermediate and end 
stiffeners. 

V.8.2.2.2 The distance between adjacent intennedjate stiffeners on the actual shell for shells of non-uniform thickness is deter
mined in accordance with the following procedures. 

HI a. Maximum spacing, Ls. on nominal thic-kness of the thinnest shell course, t~lflin = Hrsl (N5 + I) 

b. Maximum spacing. L5 on other shell thicknesses= [Hrs l (Ns+ l)W..,vl ~1min) 2·5 , where fsx is the individual shell thickness. 
r. Where the spacing between stiffeners includes different shell thicknesses. adjust the actual spacing using ihe transfom1ed shell 
spacings atUusted accordingly. See V.l 0 for a numerical example of this procedure. 

V.8.2.2.3 The radial load imposed on the stiffener by the shell is determined in accordance wHh the following equation: 

fn Sl units: 
Q = JOOOP.L, 

In US Customary WI its: 

Q = P,L, 
12 

The stiffener should be located at Hrsl (N.~ + I) spacing where N5 is number of intermediate stlffeners on the transformed shell. 

V.8.2.2.4 The actual moment of inertia of the intem1ediate stiffener region, lacr shall be greater than or equal to the total 
required moment of inertia of this region, lrl'qd· where: 

lal'l =The actual moment of inertia of the intermediate stiffener ring region, consisting of lhe combined moment of inertia of the 
intellTiediate stiffener and the shell within a contributing distance on each side of the intermedjate stiffener. The contrib
uting distance is determined in accordance with the fol lowing equation: 

In SI unils: 

w,h~u = L3.4jDt,h.u on each side of stiffener 
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ln US Customary unirs: 

~'~'.hell = 1.47 ./Dt;hdl on each side of stiffener 

where fshciJIS the actual thickness of the shell plate on which the stiffener is located. 

V.8.2.2.5 The required moment of inertia of the intermediate stiffener region, lreqd is determined in accordance with the follow
ing equation: 

In Sl uni3ts 

ln US Customary units: 

I _ 648Qa' 
r<qd - E(lf - 1 ) 

V.8.2.2.6 ln addition to Ute moment of inertia requirements stated above. Lhe intermediate stiffener regiou shall satisfy the fol
lowing area requirements. 

V.8.2.2.6.1 The total required cross-sectional area of the int·ennediate sti ffener region, Areqrt. is determined in accordance with 
lhe followlng equation: 

In SI unHs: 

In US Customary units: 

V.8.2.2.6.2 The required cross-sectional area of the intermediate stiffener structural shape alone. Astiff· is determined in accor
dance with the following equation: 

In Sl units: 

In US Customary units: 

Asuff (actual) must be greater than or equal to Astiff required. 
Asiill' (actual) must also be greater than or equal to 0.5 Areqd· 

V.8.2.3 End Stiffeners 

The actual moment of inertia of the end stiffener region, lar.1 must be greater than or equal to the total required moment of inertia 
of this region. lrrqd· where: 

lac1 = the actual moment of inertia of the end stiffener ring region. consist·ing of tlw combined moment of inertia of the end 
stiffener and the sheU within a contributing distance on one side of the end stiffener. No credit shall be taken for the roof 
portion in this region, however credit may be taken for a portion of the bottom plate. Tite width of bottom plare consid-
ered etTective as an end stiffener shall be not more than l6t~r where cb is d1e thick11ess of tJ1e bottom or annular plates, 1 07 

unless a detailed stress analysis demonstrates that a greater width may be used. The contributing distance on one side of 
the stiffener is determined in accordance with the following equation: 
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In Sl unirs: 

For tbe lop end stiffener: Fot the bottom end stiffener: 

In US Cus10mary units: 

For U1e top end stiffener: For the bottom end stiffener: 

V.8.2.3.1 The radiaJ load imposed on the end stiffener hy t11e sheU is detem1ined in accordance with the following equation: 

ln Sl units: 

In US Customary units: 

V. = P,H 
48 

V.8.2.3.2 The required n10ment of inerlia of the end stiffener region, Ireqd is determined in accordance with the following 
equation: 

ln S1 units 

In US Customary units: 

1 
_ 37.5 V1d 

retJn-E(Nz- 1) 

V.8.2.3.3 In addition to the moment of inertia requirements stated above. the end stiffener region shall satisfy the following 
area requirements. 

V.8.2.3.3.1 The total required cross-sectional area of the end stiffener region, Are!Jd· is determined in accordance with lhe fol 
lowing equation: 

In SI units: 

Jn US Customary units: 

6V,D 
A,tqd = - r-
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V.8.2.3.3.2 The required cross-sectional area of the end stiffener structural shape alone, Aslill'· is determined in accordance with 
Lhe following equarion: 

Par cone roof top end stiffener: 

For dome or umbrella roof top end stiffener: 

For bottom end stiffener: 

Asuff (actual) must be greater than or equal to Aswr (required). 

V.8.2.4 Strength of Stiffener Attachment Weld 

Stifferung ring attachment welds shall be sized to resist the full radial pressure load from the shell between stiffeners. and shear 
loads acting radially across the stiffener caused by external design loads carded by the stiffener (lf any) and a computed radial 
shear equal to 2% of the stiffening ring's compressive load. 

V.8.2.4.1 The radial pressure load from I he shell shall be determined in accordance with the fo llowing formula: 

1(~1 = PsLs 

V.8.2.4.2 The radial shear load shall be determined in accordance with the following formula: 

Vs= O.OIP5L5D 

V.8.2.4.3 The weld shear flow due to the radiill shear load sha Ll be detem1ined in accordance with the following forrnula: 

V~2 = Vs<Jsf fs, where Qs is the first moment of area of the stiffener. 

V.8.2..4.4 The combined load for I he design of lhe weld shall be determined in acl!ordance with the followjng fonnula: 

w;,. = ( 1(,12 + 1<~22) J/2 

V.8.2.4.5 The minimum fiUet weld leg size shall be the smallest of U1e shell thickness at the location of U1e stiffener. the stiiT
ener thickness at the weld location. or 6 mm (1/4 in.) . 

V.8.2.5 Lateral Bracing of Stiffener 

The projecting part of a stiffening ring without an outer vertical flange need not be braced if the widU1 of the projecting pat1 in a 
radial vertical plane does not exceed 16 times its thickness. When this condition is not satisfied. the stiffening riJ1g shall be later
ally braced in accordance with the requirements of API Std 620. 5. 12.5.8. 

V.9 Bottom 

• V.9.1 The bottom of the tank shall be evaluated for external pressure loacting if either of the following conctilions is appllcable. 
These conditions do not need to be considered simultaneously unless specified by the Purchaser. 

1. If the wtaJ design external pressure force on the bottom plate exceeds the sum of the weight of the bottom plates plus the 
weight of any product required by the Purchaser to remain in the tank when extemal pressure is acting. membrane sr:resses in 
Lhe bottom must be evaluated. 

2. If lhf' area around the tank wlll be subject to noodlng with Hquid. provisions should be included lo the design of IJ1e tank 
and its operating procedures to ensure that the lank contains sufficient liquid to counteract bollom uplift resulting from exler-

II 
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nal flooding condiuons. lf the tank cannot be filled With liquid of sufficient depth to counteract the uplift from the liquid 
pressure under the bottom of the tank, membrane stresses in the bottom must be evaluated. 

V.9-2 ln both of the above casf'~~. the bottom may bf' Pvaluated as a membrane subjected to uniform loading and restrained by 
the compression ring charad·eristics of the bottom-to-shell junction. For column-supported mofs, U1e design of the columns shall 
consider the additional axial loading due lo external pressure. 

V.9.3 The following provisions apply when Condition 2 in V9. L exists. 

V.9.3.1 Calculation of I:'Xtemal {flooding) pressure: 

· rhe caJcuJation of the hydrostatic external pressure due to flooding is performed using the equation: 

P= Coull. 

Rule 1: 
When flooding of the area surrounding a tank is possible, the most effective way to prevent damage to the shell or llottom is to 
maintain an equivalent or higher level of Uquid inside the tank whenever flooding occurs. The required minimum level of liquid 
to be maintained inside the t·ank is calculated as follows: 

Rule 2: 
When it is not possible to satisfy the equation in Rule l. the tank and anchorage. if used, shall be designed to safely resist the 
unbalanced pressure resulting from flood liquid. As a minimum, the following components shall be evaluated: 

• V.9.3.2 allowable stres s : Unless otherwise specified, the flooding described above may be considered a temporary loading 
and the allowable stress increased accordingly. l rowever. the increase in allowable stress shall not exceed 33% of the basic allow
able stress for the subject cornponem when evaluating the component for flood loading. 

V.9.3.3 anchorage: For tanks that are mechanically anchored, the anchorage devices shall be adequate to resist the uplift and 
shear forces result ing from the pressure due to external flood liquid. If the tank is not mechanically anchored, provisions should 
be made to guide the tank back into its original position when the flooding conditions recede. 

V.9.3.4 attached piping and sump: Piping and other components connecting the tank to the ground or anotJ1er structure 
shall be capable of wiU1standlng. without damage or failure. loads and movements due to any unbalanced pressures resuJting from 
flooding of the area around rhe tank. lfa sump is used, the design of the sump shall consider the possibility of U1e sump floaling 
out of its pit during a flooding evenL 

V.9.3.5 bottom plate: Under the pressure or external llood liquid without counterbalancing iuternal liquid, the bottom plate 
will tend to deform or "balloon" upwards. As the bottom deforms and is subject to additional unbalanced pressure, membrane 
stresses increase in the bottom plate. TI1e bollom plate shall be capallle of withstanding this deformation without overstress of the 
plate or the attaching wE-lds. 

V.9.3.6 corner joint: As the bottom plate deforms upwards, compressive stresses and bending stresses in the shell-to-bottom 
joint increase. The shell plate and bottom plate components of the shell-to-bottom joint within the effective compression ring limits 
sha!J be proportioned to maintain combined stresses within the yield strength corresponding to the weaker of the two components. 

V.10 Example Calculations 

The following example calculations illustrate, in US Customary units, U1e use of U1is appendix. 

V.10.1 DATA 

fank diameter= 75 fl-O in. 
rank shell height = 48 ft-0 in. 
Design liquid level = ~8 fl-O in. 
Specific gravity ofliquid = 1.0 
Allowable design stress, :i'rf= 23.200 lb/in.2 
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Allowable stress in tension ring. f= 21 ,600 lb/in.2 
Minimum yield strength of aiJ steel = 36,000 lb/in.2 

Specified corrosion allowance = None 
Tank bottom plate thickness= ".3f8 in. 
Design external pressure"' 0.6lb/in.2g (86.4 Jbfft2) 
Design wind velocity (3-sec gust)= 120 mph (Maximum wind pressure. W= 31 lb/ft2) 

Design snow load = 0 lb/ft2 
Roof design live load = 25 lb!ft2 
Modulus of Elasticity, E = 30.000.000 lb/in.2 
Shell course heights and thicknesses calculated by the one-foot method are as follows: 

(R-1) Required Thickness 
Course Nwnber (ft) (in.) 

1 7 0.059 

2 15 0.126 

3 23 0.193 

4 31 0.261 

5 39 0.328 

6 47 0.395 

Minimum Thickness 
{in.) 

5f,6"' 

5;161 

5fw• 

5~j6. 

0.328 

0.395 

... The thicknesses of the upper four shell courses were increased from those required for hydrostatic pressure to 
eliminate need for an intermediate wlnd girder. 

V.10.2 EXTERNAL PRESSURE CALCULATIONS 

L Select roof type: Try a self-supporting cone roof with a 20-degree slope from horizontal. 

From V7. 

where: 

DL =- 20.4 lblft2 (Estimated assuming 1/2-in. roof plate) . 

Lr = 25 Jb/ft2. 

S = Olb/ft2. 

Pe = 0.6 lb/in_2 = 86.4 lb!ft2. 

Pr = 20.4 + 25 + 0.4 (86.4) = 80.0 lb/fti! , or, 

Pr = 20.4 + 86.4 + 0.4 (25) -= 116.8 lbfft! (Govems). 

fhe required nominal thickness of the cone roof plate is calculated from V.7.2.1 , as follows: 

75 116.8 
lCflnr = 0.342' 7,440,000 

leone= 0.869 in., lhis thickness is no1 practical. Consider a suppo11ed cone roof or a self-supporting dome roof. 

V·15 
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fry a lap-welded dome roof with a dish radius of LOx D= 1.0 x 75 = 75 ft. Assuming the pla!e weight does not change signifi
c-antly. tlle rt>quired thickness of !he dome plate is calculated from V.7.3. l as follows: 

fP. 
'dnm~ = 4.47 R~E 

/dome= 0.661 in., this thickness is not proctirill for lnp-welding. 

Consider a I.Juli -welded dome roof with a dish radius of 0.8 x D = 0.8 x 75 =GO fl 0 in. Again assuming the plate weight does not 
change significantly, the required thickness of the dome plate Is calculated from V.7.3.1 as follows: 

/1lome = 4.47 R!i 
116.8 

l tlnf1lo = 4.47{60) 30,000,000 

tctor11e - 0.529 in .. this thickness Is practical ror butt-welding. (Alternatively, a supported cone roof could be use<.l.) 

2. Calculate the roof tension ring area required at the junction of the roof and cylindrical shell: 

From V.7.3.Z. the required tension ring area is calculaled as follows: 

A P,RD 
rt<jd = 3.375{ 

A _ ll6.8(60)(75) 
r,qd - 3.375(21.600) 

tlreqd = 7.21 sq in. 

From V.7.3.3, the length of e.ll'cctive roof plate contributing to the tension ring arra is calculated as follows: 

Xdome = 2.1./60(0.529) 

A'dome = 11.7 in. 

From V.7.3.4. rhr length of effective shell plate contributing to the tension ring area is calculated as follows: 

x.t .. u = 1 .47~ 

X11,..11 = 1.47 ./75(0.3125) 

x,,,eU = 721 In (Note: This \<J)ue should be recalculated. if necPssary, aner sel!'<'tion of final shell thickness.) 

From V.7.3.5. the required area of tJ1e sliiTener is calculated as follows: 

Astiff = Al1.'tjd- 1st X~ hell - 'dollll:XtloluL' 

Astifl·= 7.21 - (0.3125)(7.21)- (0.529)(11.7) 

AStiff= - 1.23 sq. in .. Stiffener is not required 

Note: ThJs value should be rec.alculated. if necessary. 11Her selection of final shell thickness.) 
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3. Check that buckling wiU occur elastically in the unstiffened cylinclrical shell: 

From V.8.1.1 . elastic buckling will occur if the following equation is satisfied: 

( D_] o.7~[(Hrs)(F>f'5]"2'0.00675 
1,0,/ D E 

( 75 ~ ~m[(43 54\( 36 )
0

"] 

0
.
312

y ----;fsJ 
3
0,005J = 1.23 ~ 0.19. t-lllls buckling will be elastic. 

Note: This value should be recalcul!lted. if necessary, after selection of final shell thickness.) 

4. Calculate the minimum shell thickness required for the combined loading from design external pressure and wind: 

From V.8.1.3, the required minimum shell thickness is calculated as follows: 

1.23(\IIH ?)11'~ d1
" ' 

1 > ,.. rs s 

·'"n" - (E)" 4 

where 

P; = U1e greater of 1) the specified design external pressure excluding wind or 2) W + 0.4Pe- where Wis the specif'ied 

design wind pressure. lbfft2, 

P5 = 0.6 Jb/io2 = 86.4 lbJftZ or 31 + 0.4 (86.4) = 65.6 lb/ft2. 

I 
> 1.23(3x43.54x86.4)0A75° 6 

<min - 01 1.35 in. 
(30,000.000) 

z~n ill "2' 0.698 in. 

'V = 3.0 

5. Calculate the transformed shell height: 

Actual Shell Course Height Thickness Transfom1ed Shell Course Height • 
Course Number (ft) (in.) (ft) 

I 8 0.3125 8.00 

2 8 0.3125 8.00 

3 8 0.3125 8.00 

4 8 0.3125 8.00 

5 8 0.328 7,09 

6 8 0.395 4.45 

Sum= 48 fi Sum = 43.54 fr 

* For example. the transformed height of No. 5 shell course = (0.3125/.328)2.5(8) = 7.09 ft (see V.8.1.4.b} 

The required minimum thickness is greatt'r than the available thickness and the shell must be stiffened-

6. Calculate the maximum spacing of intermediate stiffeners: 

From V.8.2.1.2. 

H _ 0.6(tsm!1f~(E) 
sar< - Dl ~ p . 

'V ( ~> 

H _ 0.6(0.3125/ 3(30.000,000) 
sare - 3(75)1.5 (86.4) 

Hsare = 5.84 ft 

09 
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7. Calculate the number of intermediate stiffeners required, Ns. based on Hsare: 

from V.8.2.1.3, 

NsT 1 = Hrsl Hsare 

N_5 + 1 = 43.54 I 5.84 = 7.46 

Ns=7 

Actual sparing for 7 stiffeuers"" 43.54 I 8 = 5.44 ft 

8. Calculate the intermediate stiffener spacing for the non-uniform shell thickness: 

From V.8.2.2.2. 

1ntermediate stiffener spacing on 0.31 25-in. shell plate is, 

L_. = flrsl (N5 + 1) = 43.54 I (7 + 1) =- 5.44 ft 

intermediate stiffener spacings on 0.328 in. and 0.395 in. shell plate are, 

L5= IHrsl (N.s + 1)1 (rsxl lsmJJ2·5 

L., = L43.54 I (8)](0.328/0.3125)2.5 = 6.14 ft 

L.~ = 143.54 I (8) I {0.395/0.3125) t 5 = 9.77 fr 

Locate 5 sriffeners on 0.3125 in. shell at spacing = 5.44 ft 

Locate the 6lh stiffener as follows~ 

Available 5/w-in. shell plate- (4 " 8 fl)- (5" 5.44 ft) - 4.8 ft 

Length of 0.328-in. shell required = (5.44 - 4.8) x (0.328/ 0.3125) 2.5 = 0.722 ft 

Location of Glh sliffenPr = 32 + 0. 722 = 32.722 ft from top of tank 

Location of 71h stiffener= 32.722 + 6.14 = 38.862 ft 

Check that the remaining unstiffened shell length is equal to the transformed shell stiffener spacing: 

Difference between actual and transformed shell height = 48 - 43.55 = 4.45 ft 

Length of 0.328-in, shell below stiffener= 40 - 38.862 ; 1. L38 ft 

Transfonned shell stiffener spacing= 1.138 " (0.3125/0.328) 2·5 + 4.45 = 5.44 ft- OK 

9. If fewer stiffeners and t.hicker shel1 plates is a more economical solution, the design can be adjusted as follows: 

Assume. for dlis l:'xample, a uniform shell thiclu1ess equal to the thickness of the lowes! shell course. i.e. , favg = 0.395 in. 

Hsare is then calculated as follows: 

H.~ = 0.6(0.395)
2
'
5
(30.000.000) 

>H 3(75)1\ 733.36)(86.4) 

H.~re = 10.48 ft 

For favg = 0.395 in .. Hrsis recalculated to be equal to 48ft 

The number of stiffeners required is: 

N5 + 1 = 48 110.48 = 4.58: N5 = 4 

Actual spacing for 4 stiffeners = 48 /5 = 9.6 ft 
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10. Calculate the number of buckling waves: 

From V.8.2.2.l. 

tf = 5 ·33~ $ 100; L, = (L, + L2)12 = (9.6 + 9.6)/ 2 = 9.6ft 
/111Hn[" 

5.33(75)3 

= 249> 100: N = > JO, IIlerefore use 10 
(0.395)(9.6)2 

11. Calculate the radial load on a circumferential stiffener placed 9.6 ft f1'om the top of the shell. 

From \1.8.2.2.3, the radlaJ load is calculated as follows: 

Q - (H6.4H9·6 ) - 69 lib/' - 12 - . 10. 

12. Calculate the total contributing shcU widU1 acting with U1e intem1ediate stiffener: 

From \1.8.2.2.4, 

2 x wshi:ll = 2 x I .47 J Dtsll£11; where lstwll:::: 0.395 in, 

2 x l.'l7 J(75)(0.395); 16.0 in. 

13. Calculate the required moment of inertia of tJ1e intermediate stiffener region: 

Prom V.8.2.2.5. tJ1e required moment of inertia is calculated as follows: 

648(69.1 )(75)3 

/,N!d = 3Q,0QO.OQQ( 100 - J ) 

14.. Calculate the total area required in the intennediate stiffener region: 

From \1.8.2.2.6.1 , the required area is caJcuJated as follows: 

A = 6(69.1 )(75) 
<eqd ( 14. 400) 

V-19 
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07 I 15. Calculate the required area of the stiffener section: 

07 

From V.8.2.2.6.2, the rE-quired area is calculated as follows. 

A>Un = A"'qr 2. 941o,~,.uJDt,~~.-a 

A,11rr = 2. 16- 2.94(0.395)J(75)(0.395) 

A~11rr =- 4.2ln.2; the stiffener section area must be ~ 1.08 sq. in. ("' 1/2 x Areqd) 

Select a rolled section that will salisfy 1he area and inertia n'quirernenls. By inspection, since the sti ffener spacing is constant, lhe 
section selected is adequate for al l 4 stiffeners. 

01 1 16. Calculate the required properties of the top stiffener: 

From V.8.2.3, I he contributing distance of the cylindrical shell is calculated as follows: 

~~' = l.47 J(75)(0.395) 

Ws~oou = 8.0 in. 

Frorn V.8.2.3.J. the radial load on the top stiffener is calcula1ed as follows: 

\1, = PsH 
48 

v - 86.4(48) 
I - 48 

vl = 86.4 lb/in. 

Front V.H.2.3.2. the required rnornen1 of inertia of the top stiffener is calculated as follows: 

l _ 684 v,d 
reqJ - £ .z 

(lV - 1) 

684 ( 86.4 )(7 5 ).l 
f ,.qrt = 30,000.000(99) 

J«<jd = 8.39 in. • 

From V.8.2.3.3 1. the reqUtrcd area of 1he rop stiffener region is calculated as follows: 

6V1D 
An,rl = -{-

A _ 6(86.4)(75) 
roqd - 21.600 

A..-qd "' 1.80 sq. in. 
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From V.8.2.3.3.2, the required area of the top stiffener section is calculated as follows: 

AstifP' 1.80 - (0.395)(8.0) - (0.529)(11.7) =-7.55 in. 
The stiffener section area must be~ 0.90 sq. in. (= 1/2 x AI(Jial) 

Select a rolled section that will satisfy the area and inerlia requirements. 

17. Calculate the t·equired p roperties of Ute bottom stiffener region : 

From V.8.2.3. the c.ontlibuling distance of the cylindrical shell is calculated as foiJows: 

W,~>.u ;: 1.47 JC75)(0.395) 

111~11,11 = 8.0 in. 

rrom V.8.2.3.2. the required moment of inertia of the bottom sliffener is calcuJated as follows: 

1 
_ 684 v,IY 

••qd - E . 2 
(IV - l) 

684(86.4 )(75)3 

r,.qd = 30.ooo.ooo(99) 

From V.8.2.3.3.1, the required area of the bottom stiffener region is ca lcu lated as fol lows: 

A _ 6(86.4)(75) 
Il'<jcf - 21 ,600 

A~d = 1.80 sq. in. 

From V.8.2.3.3.2. the required area of the bottom stlffener section is calculated as fo llows: 

Asurr= 1.80 - (0.395)(8.0)- (0.375)(6.0) =-3.61 in. 

V·21 

The contributing portion of the shelJ-to·bottom join! has a calculated moment of inertia of 20.2 in.4 and will satisfy the area and 
inertia requirements. Thus, an addHionaJ stiffener is nor necessary. 

11 
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V.11 Technical Basis of This Appendix 
The organization of this appendix was modeled after a proprietary DuPont Standard SG 11.4 S. APL appreciates DuPont's consent 
to utilize their standard as a model without any restriction or reserval·ion to develop this appendix. The equations prescribed in this 
appendix were generally extracted from the same propri<'tary standard and are based on rhe same fundamenta l equations from 
various publlc clolllain references us<'d to develop the proprietary standard. However. where appropriate. the nomenclature was 
r.hauged to be consistent with API Std 650. Some equations have been modifled from the proprietary standard to be consistent 
with API Std 650 safety factors or other design considerations. For example. some rqualiOns have been modified to be consistent 
with Reference 2. Where necessary. equations have been added for consistency with API Std 650 design principles. such as incor
poration of the transformed shell method. 

V.12 References 

I . DuPont Corporate Engineering St<mdard SG 11.4S. Field Erected Storage Tank Design Procedures, Section 5, External Pres-
sure Design. 

2. API Publication, Stabmty of API Standard 650 Tank Shells, Raymund V. McGrath. 

3. The Structural Research Council (SSRC) , Guide to StabiliLy Des.ign Criteda lor Metal Structures. Section 14,3.5. 

4. Code Case 2286, "t\llerna(ive RoJes for Determining Allowable Compressive Stresses for Cylinders. Cones. Spheres and 
Formed Heads ... Cases of ASME Boiler and Pressure Vessel Code 

5. Welding l~esearch Council Bulletin 406. "Proposed Rules for Determining Allowable Compressive Stresses for Cylinders. 
Cones. Spheres and Formed Heads." C. D. Miller and K. Mokhtarian . 

6. American Society of Mechanical Engineers (ASME) Boiler and Pressure l~ssel Code. Sect.lon Vill. Division I. 

7. American Iron & Steel Institute (AISJ) Publfcation, Steel Plare Engineering Data. Volume 2. 

8. ASME Paper 65-MET-15, "Theoretical and Experimental Study of Steel Panels in Which Membrane Tension is Developed.'' 
by J. S. McDermott. 

9. Machine Design Magazine. December 9. 1976. "Stress Analysis of Pressurized Panels.'' by J. A. Martinelli. 



APPENDIX W-COMMERCIAL AND DOCUMENTATION RECOMMENDATIONS 

• The following commercial arld documentation reconunendations apply to all tanks when specified by the Purchaser on lhe Data 
Sheet. 

• W.1 Document Submittals and Review 

• W.1.1 GENERAL 

L Technical documents listed below shall be submitted by the Manufactmer for review by the Purchaser at specified limes 
duling a project. Additional documents may be required and shall be a nlalter of agJ'cement between the Purchaser and the 
Manufacturer. Submittals and reviews shall be in accordance with contractual schedule agreements. All documents shall be in 
reproducible form agreeai.Jle to the Purchaser. 

2. Unless specified otherwise by the Purchaser. the minimum required content of the technical documentarian packages shall 
be as described in this appendix. 

• W.1.2 QUOTATION OR BID DOCUMENT PACKAGE 

I. All quotations shall be submitted in accordance with tbis Standard and Purchaser's requirements listed in the Data Sheet. ln 
addition. a second quotation containing alternates to Purchaser's requirements may be quoted for Purchaser's consideration 
provided the alternates are clearly marked as such and are completely described in that bid. 

2. The Manufacturer shall mark and return the Purchaser's previously prepared Data Sheet. Sorne entries will not be deter
mined until completion of negotiations and/or completion of the detailed design. Such entries may remain blank for this 
submittal. The bid shall include the design wind speed and design snow load that will be used ill the design by the 
Mcmufaclurer. 07 

3. The Manufacturer shall provide a Jist of all engineered accessories being purchased from suppUers. indicating tJte Manu
facturer, and model or part number. Alternatively. when a specific Manufacturer is not known at the time of bidding, a list of 
Manufacturer-approved suppliers may be submitted. Excluded from the list requirement are commodities such as plate. pipe. 
nanges. and bolts. Included in the list are items such as floating roofs, dome roofs. roof seals. pressure vents, gauges. and 
instrumentation. AJso. sec C.l.l. 

• W.1.3 DESIGN REVIEW DOCUMENT PACKAGES 

Unless specified otherwise, a Purchaser's review of Manufacturer's design calculations and generaJ arrangement drawings is 
required before the order of materials. Unless specilled otlwwise. the Purchaser's review of the documents listed in ltems 3 
through 7 below is required prior to the start of fabrication, Work may begin following conclusion of any negotiations generated 
by the review process. A copy of the review packages with any annotations including nozzle size, orientations, prqjections, place
ment and elevations of ladders, platforms, stairs. and attachments. etc .. shall be returned to the Manufacturer. The Manufacturer 
shall promptJy revise/update d1e drawings, calculations. and inforntation on the Data Sheet showing all review-generated 
changes and shall submit copies to the Purchaser. The Design Review Document shall consist of at least the following: 

1. Manufacturer's design calculations as described in W.2 and srructuralloads for foundation design. 

2. General arrangement drawings with complete material specification. 

3. Detailed fabrication drawings. 

4. Welding procedure specifications (WPSs) and procedure qualification records (PQRs). This shall include weld hardness 
c1iteria when required by the Purchaser. Review of duplicate wrld procedures for multiple tanks is not requjred whrn writle11 
permission is received fr·o1TJ the Purchaser. 

5. Heat treatment procedures (if required). 

G. Nondestructive examination procedures and testing procedures. 

7. Description of proposed test gaskets (see 4.9). including material properties, dimensions. and design characteristics. 

W-1 
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W.1.4 INTERIM DOCUMENTS DURING CONSTRUCTION 

The Manufacturer shall prompUy submit revised documents describir'lg any design or constructioll changes to the Purchaser. Cop· 
ies of Material Test Repot1s applicable to components listed in 4.2.9.1 shall be forwarded to the Purchaser upon receipt of the 
reports. 

• W.1.5 POST-CONSTRUCTION DOCUMENT PACKAGE 

Upon completion of construction and testing, copies of a Manufacturer's data book shall be supplied in the quaul ities specifi ed in 
I he contract. Each copy shall contain at least the documents listed below: 

L Pinal general arrangement and detall fabrication drawings. marked "as-builr" by the Manufacturer. complete with dimen-
sions and data. with complete materials specification and parts list. 

2. Design calculations described in W.2. 

3. Copies of Material Test Reports applicable to shell plates and annular pliltes. 

4. Rep011s of the results of aU tests including weld hardne.ss (when weld hardness criteria are specified). and repOJis of all 
nondestructive examinations. Radiographic films shall also be included. For tank pressure test data . include results and 
duration of pressure test(s) , test water level, fill rate, imposed pneumatic pressure. hold times, drain rate, etc. 

5. Shell and bottom elevation measurements for IWdro-test. 

6. Nameplate facsimil e. 

7. Manufacturer's certification per Figure 10-2. 

8. The Data Sheet renecting as-built conditions. 

01 9. A drawing that lists the following for each shell course: 

a. The required shell thicknesses for both the design condition (including con·osion allowance) and the hydrostati c. test 
condition. 

b. The nominal thickness used. 
c. The material specification. 
d. The allowable stresses. 

10. Nominal thicknesses used for matel'ials otlter thansheU plates. 

II Handling criteria and rigging instructions (for shop-built tanks only) . 

W.2 Manufacturer's Calculations 

All manual calculations shall include relevant fommlas and som•ce paragraphs in this Standard or in other specifications or engi
neering practices. values used in the formulas, calcuJated resuJts, and acceptance criteria used. Where a computer progrc1m per
forms design calculations, a program description shall be given. including name and version of the program. progran1 limitations 
and assumptions used. and a brief description of what the program does. These calculations and/or computer programs shall 
address at least the following: 

l. Determination of design thicknesses for all pressure boundary elements to satisfy alJ specified loading conditions, which 
may include contrnts. pressure, partial vacuum, dead loads, live loads, snow loads, ra in loads, roof notation. dike or flood 
plain partial submergence, wind, and seismic activity. 

2. Overturning check and anchorage due to wind forces. seismic forces. and internal pressure, if applicable. 

3. Seismic design requirements {e.g .. base shear, longitudinal compression, sliding friction resistance checks. overturning 
moment checks. and anchorage), if applicable. 

4. Shell stability checks to determine whether shell stiffeners or increased shell course thicknesses will be required. 

• 5. U11less specifi ed ot herv>'ise by the Purclta~er. whenever the tank diameter exceeds 36 m (120ft). sheJI stiffness coefficients, 
maximum unrestrained mdial deflectio(l, angle of rotation of bottom course sheJI nozzles. and the nomographs fo r 
moments and forces that these nozzles can safely sustain from connected piping shall be provided in accordance with pro-



WElDED TANKS FOR Oil STORAGE W·3 

visions of Appendix P. Alternate analysis techniques. such as the finite element method. may also br used to satisfy this 
requirement. 

• 6. Any additional calculations specified by the Purchaser to show compllanc e with this Standard and any appendices invoked 

W.3 Manufacturer 's Drawing Contents 
All Manufacture' 's drawings shall be thoroughly checkefl for accuracy nnrl completeness before sending for Purchaser review. 
Manufacturer's drawing(s) shall show. as a minimum. lht> following infom1ation: 

I . /\n upd<~ ted I ist of drawings for each tank shall be resubmitted each lime drawings are revised and reissued. 

• 2. Tdl'nlllkat ion of the storage tank as designated by the Purchaser. 

3. Reference to applicable practir.e.s. standards, specifi cations, details. and associated drawings and sketches. 

4. Materials or construction. designated corrosion a11owance(s), and gasket specifications. 

5. Extent of post weld heat treatments. 

6. Extent of radiography to be applied to bottom, shell. and roof butt-welds. 

7 Shell design joint efficiencies. for Appendices A. J. and S. 

8. Complete details and dimensions of the tank, including external and internal attachmems and appurrenances supplied by 
Manufactlllet and sub-contractors. 

9. Bottom slope. 

10. Nominal plate thicknesses for shell. roof. reinforcement. and bottom. 

II Location of all wdded seanls. All welds shall be either pictorially detailed or identified by use of the standard welding 
symbols of ANSIIAWS A2.4. Welding procedures shall be listed for each weld. A "weld map" may be used if il clearly indi-
cates the weld procedure specification used for every joint. 07 

I 2. For flanges other than those confollJling to ASME Bl6.5 or ASME B 16.47, and marked accordingly. show all dimensions 
and finish of fl ange face. 

13. Facsimi le of nameplate wldl data to be stamped thC'rcon with location and details of fabrication of nameplate bracket. 

1'1. Empty. ope1ating. and test weight of tank. 

15. Loads on foundation as also shown on the Data Sheet. Line 13. 

16. Foundal ion plans and construction delai Is (if supplied by the Manufacturer or 01e sub-rontractor). 

W.4 Bids for Floating Roofs 
• W.4.1 Bids fo1 tanks having floating roofs shall contain sufficient engineet ing data, including material specifications for both 

metallic and non metallic components. nominal thicknesses. and sufficient information (see C.3.4.1 and C.3.4.2 or H.2. 1. as 
appUcable) to enable the Purchaser to verify that the bidder has consider(;'d all sp(;'Cified de!>ign requirements. 

W.4.2 Manufacturer ~hall list in the quotation all roof accessories furnished and included in the base price of the roof. If any 
accessories are purchased from other suppliers. the Manufacturer shall provide that supplier ·s name and the model or part number. 

W.4.3 Manufacturer shall state the lowest and highest operating level of roof in the quoration. 

W.4 .4 ManufacturPr shall dearly describe the extent of electrical grounding and :.hunts included as a part of the floating roof 
design. 

W.4.5 Manufacturer shall provide a cross-section of all seals showing materials and complete details of construction with the 
bid. 

W.4 .6 The Manufacturer shall submit with the bid the minimum and the maximum allowable annular space between lhe 10()f 
and shel l. as well as the maximum and minimum armular space the p1 oposetl roof seal system can accomJ\lodate. 

W.4.7 Manufacturer shall specify size. number, and type of drains with the quot'ation (external roof only). 
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W.4.8 The bid sha11 stat<> if a wind skirt. a top-shell extension. or overflows will be required for proper functioning of the roof 
seal (extP.rnal roof only). 

W.4.9 The Manufacturer of the external floating roof shall prepare and submit to U1e Purcbt~ser Lhe following calculations: 

• W.4.9.1 Calculations showing thar the roof design complies with the buoyancy requi1-ements of C.3.4.la. for both single-deck 
ami double-deck rool·s using the sma ller of the specific gravity in C.3.4. l (0.7) , or the minimum specific gravity of the product 
srecified on the Data Sheet. Une 5. 

W.4.9.2 C!llculations ~hawing that Lhe roof design complies with the punctured compartment loading condiUon for single·deck 
pontoon roofs and for double deck roofs as specified in C.3.4. lb. 

W.4.9.3 Calculations showing that the design of the roof and roof supports satisfies C.3.10.2. 

W.4.10 The Manufacturer of the internal floating roof shall prepare and submit to the Purchaser the following calculations, 
considering internal floating roof denections and stresses for eadt of the load conditions required by Appendix H. All calculations 

01 fonhe floating cond ition shaJJ be based upon ihe design specific gravity (per H.4.2.l.l) . 

W.4.10.1 Calculations showing that the roof design cmnplies with the buoyancy requ irenJents of l-1 .4 .2.1. 

W.4. 10.2 Calculations showing that the roof design complies with ~re punctured compartment loadi.ng condition for single
deck pontoon roofs and for double deck roofs as specified in H.4.2.3. 

W.4. 10.3 Cakulations showing that the design of the roof and roof suppo1·ts in the !ar1ded condition satisfies H.4.2.2.2. 

W.4. 11 The il'll.ernal floating roof Manufacturer shall specify lJ1e Internal floating roof weight and lotal flotation displacement 
provided baserl on a nota\ion level for design specific gravity per H.4.2.1. 

• W.5 Jobsite Responsibilities 

Unless otherwise specified by t.he Purchaser. the Manufacturer shall furnish aiJ labor, tools, equipment. supplies. materials, utili
ties (including power for welding). storagf', and personnel services necessaty for, and reasonably incidental to, U1e delivery of 
materials to the sHe, the construction of the tank(s) , and the removal of surplus and scrap matetials from 01ejob site. See the Data 
Sheet (see Lillf' L4) fo r the Manufacturer's additional post hydro-test responsibilities. The Purchaser shall furnish and dispose of 
the water for hydro-testing lhe tank from the tie-in points as designated on the Data Sheet, Line 14. 



APPENDIX X-DUPLEX STAINLESS STEEL STORAGE TANKS 

X.1 Scope 

X.1.1 This appendix covers materials. design. fabrication. erection. and testing requiremems for vertical. cylindrical, aboveg-
roLtnd, clo~ed- aud open-top. welded. duplex stajnJess steel storage tanks constructl'd of material grades 2205 (UNS S31803) , 08 
2003 (UNS $32003) . 210 I (UNS S32101) , 2205 (UNS 532205), 2304 (UN$ $32304). 255 (UNS S32550), 255+ (UNS $32520), 
2507 (UN$ 532750). and Z 100 (UNS 532760). This appenrlix does not covPr stainiPss steE'I dad plate or strip linPd construction. 

X.1 .2 This appendix applies only to tanks in non-refrigerated services with a maximum design temperature not exceeding 
260°C (500°F) and a minimum design metal temperature of -40"C(-tl0°fo'). Ambient temperature tanks (non-heatrd) shall have a 
d(•sign telllpcraturc of 40(JC ( lOO"F) . It is cautioned that exothermic reactions occurring inside unheatPd storage tanks c.an produce 
temperatw es exceeding 40°C (1 00°F). 

X.1.3 DELETED 

X. 1.4 The minimum thicknesses specified in this appendix are con·oded thicknt>sses unless otherwise stated. 

X. 1.5 This appendix states only the requirements that differ from the basic rult>s in this standard. For requirements not stared, 
the basic rules must be followed. 

X.2 Materials 

X.2.1 SELECTION AND ORDERING 

X.2.1.1 Matet ials shall be in accordance with Table X -l . 

• X.2.1.2 Selection of the typt>Jgrade of duplex stainless steel depencLc; on the service and environment to which it will be 
exposed. The Purchaser shall spE'tify the type/grade. 

X.2.1 .3 External structural attachmentS may be carbon steels meeting the requirements of Section 4 of this standard, providing 
any permanent atrachmenrs are protected from con'osion. (This does not include shell. roof. or bottom openings and their rein
forcement.) Carbon steel attachments (e.g. clips for scaffolding) shall not be welded directly to any internal surface of the tank .. 

Table X-1-ASTM Materials for Duplex Stainless Steel Components 

UNS S318D3 UNS $32003 UNS S3210 '1 UNS 532205 UNS $32304 UNS S325~0 UNS S32520 UNS $32750 UNS S3176D 
2205 2003 21D1 2205 :>30( 255 255~ 2507 

Plates a"d 
Structural Me"tbefs 
A2(0 X X X X X X X X 
A276 X X X X X 

Tubt or P•pe 
Seamless and Welded 
A789 X X X X X 
A790 X X X X X 
Ae28 X X X X X X 

Forgongs ancs F•~•nes 
A182 X X X 
A815 X X 

EldMg end Ba<S 
A479 X X X )\ X 

Noles I . Unless otheiW!se sp<!Cified by the Purdlasw pl3te, sheet or stnp shall be furnrSIIad wtlh a No 1 ronoSII and shall 
be hot-rolled. annealed. and descated 
2. Carbon steel flanges and/or stub ends may be used by agreement bolween the Purcllaser and Manufacturer providing. 
the des'11" and details consider the dlsslmolar properties of the materoals used and are SYotallla for the Intended servo:e 
3. Castings shall not be used unless speco!ieCI by the Pun:llaser. ~ spOCifred, costongs shall meet ASTM A390 alld $hall 
be Inspected in aca>rclance v.ith ASME Boiler and Prt1ssure V&ssel C~, Section VIII. Olvrslon 1. AppendiX 7 
~ All bars In conlaCI ••Aih tile product Sllall be f\Jmlshed In the hot .fOiled, annealed and desa~ll!d condrtlon 
5 Other bolting materials may be used by agreement between lhll Purchaser und Munufadurer. 
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X.2.2 PACKAGING 

Packaging duplex stainless steel for shipment is important to maintain its corrosion resistance. Precautions to protect thP. surface 
of the material depend on the surface finish supplied and may vary among Manufacturers. Standard packaging meU1ods may not 
be sufficient to protect lhe material from normal shipping damage. Tf the intended service requires special precautions, the Pur
chaser shall specify special instructions. 

X.2.3 QUALIFICATION TESTING 

• X.2.3.1 Tests for detecting detrirnentaJ intennetaJ iic phases for ASTM A923 are required from one plate per heat treat lot as 
follows: 

UNS $32205/$3 1803 
UNS S32304 
UNS S32101 
UNS $32003 
UNS $32750 
UNS S32550/S32520 
UNS $32760 

Methods B & C 
Methods· 
Methods· 
Method B~ 
Method s• & C 
Method B · & C'' • 
Method B' & C .. 

'B test values to be agreed upon between Purchaser and Manufactmerbut not less than 54) (40 ft-lbl) , 
·c test values 10 be agreed upon between Purchaser and Manufacturer. 

X.2.3.2 Charpy Impact testing per ASME UHA-51 at minimum design metal temperature is required for: 

a. components nan1ed in 4.2.9. 1 in all thicknesses. when the minimum design temperature is between -29°C and -40°C (-20°F 
and - 40°F). and 
b. components named in 4.2.9.1 that have thickness greater than I 0 mm (3/s in.) for aJ I temperatures. 

ASTM A 923 Practice B test results may be used to fulfill tJ1ese requirements provided rhe lateral expansion is measured and 
reported. 

X.3 Design 

• X.3.1 BOTTOM PLATES 

I 
All bottom pl(ltes shall have a nominal corroded thickness of not less than 5 mm (31J6 in.), Unless otherwise approved by the Pur

n 
chaser. all rectangular and sketch pJates (bottom plates on which the shell rests that have one end rectangulat) shall have a nomi-
naJ width of not less thanl 200 mm (48 in.) . 

X.3.2 ANNULAR BOTTOM PLATES 

Butt-welded annular bottom plates meeting lhe requirf'menrs of 5.5.2 through 5.5.5 are required when either lhe bortom shell 
course maximum product stress is greater than 160 MPa (23.200 lbf/in.2) or the bottom shell course maximum test stress is 
greater than 172 MPa (24.900 lbflin.2) . 

X.3.3 SHELL DESIGN 

X.3.3.1 Shell Minimum Thickness 

11 1 The required nominaJ shell thickness shall shall not be less 01an the greatest of the design shell thickness plus corrosion allow
ance. hydrostatic test shell thickness. or the nominal thickness listed in 5.6.1.1 (note 4 does not apply) . 

• X.3.3.2 Minimum Plate Widths 

08 
Unless otherwise approved by the Purchaser. the shell plates shall have a minimum width of 1200 mm (48 in.). 

X.3.3.3 Shell Thickness Calculation 

The requirements of 5.6 shaJI be followed except as modified in X.3.3.3.1 through X.3.3.3.3. 
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X.3.3.3.1 Allowable stresses for a11 shell thickness calculation m~thods are provided In Tables X-2a and X-2b. 

X.3.3.3.2 Appendix A is not applicable. 

X·3 

• X.3.3.3.3 The following formulas for design shell thickness and te..<;t shell thickness may alternatively l.Je used for tanks 60 m 
(200 ft) in diameter and smaller. 

• 

• 

• 

• 

In Sf units: 

where 

trt = design shell thickne55 (mm) : 

ld = (4.9D(H- 0.3) G)I((Sd)(E)) + CA 

11= il.9D(H - 0.3))/((S1)(E)) 

t1 = hydrostatic test shell thickness (mm): 

D = nominaJdiameteroftank(m) (see5.6.1.1): 

H = design liquid level (m) (see 5.6.3.2): 

G = specific gravity of the liquid to be stored, as specified by U1e Purchaser: 

E = joint efficiency, 1.0, 0.85. or 0.70 (see Table X-3): 

CA = corrosion allowance (nun). as specified by the Purchaser (see 5.3.2); 

S11 = allowable stress for the design condition (MPa) (see Tables X-2a and X-2b}: 

51 = allowable stress for hydrostatic test condition (MPa) (see Tables X-2a and X-2b). 

Tu US Customary units: 

where 

lrt = design shell tJ1ickness (in.). 

tc~= (2.6D(H- l)G)/((Su) (E)) +CA 

t1 =- (2.6D(H- 1))/((51) (E)) 

11 = hydrostatic test shell thickness (in.). 

D = nominal diameter of tank (fl) (see 5.6. 1 .1). 

H = design liquid level (fl) (see 5.6.3.2). 

G == specific gravity of the liquid to be stored. as specified by the Purchaser. 

E = joint efficiency. 1.0. 0.85. or 0.70 (see Table X-3). 

CA = conosion allowance (in.). as Spl."cified by the Purchaser (see 5.3.2) . 

!:id = allowable stress for the design condition (Jbf/in.2) (see Tables X-2a and X-2b). 

51 = allowable stress for hydrostatic test condition (lbf/in.2) (see Tables X-2a and X-Zb). 

08 
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Table X-Za-(SI) Allowable Stresses for Tank Shells 

AUoy M1nYid MoTen Allowable SlreSS MPa for Oes~gn Temp Not Exceedong (S.I 
MPa MPa 40"C 90'C 150'C 200'C 260'C S, ambient 

531803 450 620 248 2~8 239 230 225 266 

532003 450 655 262 231 218 215 212 281 

532101 450 650 260 234 223 215 212 27tl 

532205 450 655 262 234 225 208 198 281 

532304 400 600 240 229 213 205 200 2'Sl 

532550 550 760 303 302 285 279 272 325 

$32520 !>50 770 308 270 265 256 251 331 

532750 550 795 ~18 319 298 279 268 3~ 

532760 $SO 750 298 314 259 256 256 319 

08 Noles S • may be IOIE!f"IIOOited between temper.~tl.les 

2 The deSign stress shalt be the lesser d 215 d lhe minimum tensile strength or 213 a the minimum y.eld sttength 
3 The hydtotesl siTess shall be the lesser of '17 Ollhe Rlinimum IBnSole Slfenglh or 31< of lhe mlnunum yteld Slrenglh 
4 For dual cerb~ed mateoals, 5318031532205 ano 5325501532520, use the allowable stress cA the grade specrfied 
by lhe Purctlase<. 

Table X-Zb-(USC) Allowable Stresses for Tank Shells 

Alloy M1nYid Mtn Ten Allowable SITess pSi for DeSign Temp Not E.><ceed1n0 (S.) 

PSI pSI iOO'f 200"F 300' F 400' F SOOF s, ambient 

531803 65,000 90,000 36,000 36,000 34 ,700 33400 32,600 38,600 

532003 65,000 96,000 38,000 33,600 3.600 31,200 30,700 40,800 

532101 65,000 94,000 37.600 34,000 32,400 31 ,200 30,700 40.300 

532205 65,000 95,000 38,000 34.000 32.700 30,000 28,700 40,800 

532304 58000 87 000 34 ,600 33,200 30,900 29,700 29,000 37,300 

532550 80,000 110.000 «,000 43,800 '11 .~00 40,400 39,400 47,200 

532520 80000 112,000 -t•.soo 39,200 38 .. 00 37,200 36,.00 -48,000 

532150 80,000 116000 46.400 46,200 43,200 40.500 38,900 49,600 

532760 80.000 108,000 43,200 39,200 37.600 37 200 37200 46,300 

Notes I S • may be onlerJXllated between lempe<al\ses 
2. Tl'1e design stress shall be the lesser or 2/S a tne minimum tensile strengl/1 or '13 or lhct minimum y1eld sttenglh 
3 The hydrotest stress shall be the lesser~ 017 01 the mmomum tenstle strength or 'I• ol 1ne minimum yield strertgth 
4 For d\Jal cerllf1ed materials. S31803/S32205 and 532550/532520 use tne alloweble sltess 01 the grade speci~ed 
by the Pun;haser. 
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X.3.4 SHELL OPENINGS 

X.3.4.1 The minimum nominal thickness of connections and openings shall be as follows: 

Size of Nozzle 
NPS 2 and less 
NPS 3 and NPS 4 
OverNPS 4 

Minimum Nominal Neck Thickness 
Schedule 80S 
Schedule 40S 
Schedule 40S bur need not be greater than the shell thiclmess 

Note: Remrorcement requirements of 5. 7 must be maintained. 

X.3.4.2 Tl1ern1al stress rei ief requirements of 5. 7.4 are not applicable. 

X.3.4.3 Shell manholes shall be in conformance with 5.7.5. 

X-5 

X.3.4.4 As an alternative to X.3.4.3. plate ring nanges may be designed in accordance with API G20 rules using the allowable 
stresses given in Tables X-Za and X-Zb. 

X.3.4.5 AIJowable weld stresses for shell openings shall conform to 5.7.2.7 except Su-= the maximum allowable design stress 
(the lesser value of the base materials joined) permitted by Tables X-2a and X-Zb. 

X.3.5 ROOF MANHOLES 

08 

All duplex stainless steel components of the roof rnanhole shall have a nominal thickness of not less than 5 111m (3/Hl fn .). Itt 

X.3.6 APPENDIX F-MOOIFICATIONS 

1n F. 7. L the shell thkkness shall be as specified in X.3.3 except that the pressure P lin kPa (in. of water) I divided by 9.8G ( 12G) 
shall be added to the design liquid height in meters (ft). 

X.3.7 APPENDIX M- MODIFICATIONS 

X.3.7 .1 Appendix M requirements shall be mel for duple.x stainless steel tanks with desig11temperatures over 40°C (100°F) as 
modilled by X.3.7.2 through X.3.7 .7. 

X.3.7.2 Allowable shell stress shall be in accordance with Tables X-Za and X-2b. 

X.3. 7.3 Ln M.3.6. the duplex stainless steel structural allowable stress shall be multiplied by the ratio of the material yield 
strength at the design temperature to the material yield strength at 40"C (J 00°F) . (See Tables X-4a and X-4btor yield strength.) 

X.3. 7.4 Ln M.5.l, the requirements of 5.10.5.1 and 5.10.6.1 which are applicable to self supporting roof plate thickness shall be 
mul tiplied by the ratio of the material modulus of elasticity at 40°C ( 1 00°1') to the material morlulus of elasticity at the design temper
ature. {See Tables X-5a and X-5b for modulus of elasticity.) 

X.3. 7.5 Ln M.6 (the equation for the maximum height of unstiffened shell in 5.9.7.1), the maximum height shall be multiplied 
by the ratio of the material modulus of elasticity at the design temperature to the material modulus of elasticity at 40°C (1 00°f). 

X.4 Fabrication and Construction 

X.4.1 GENERAL 

Special precautions must be observed to minimize the risk of loss of U1e corrosion resistance and toughness of duplex stainless 
steel. Duplex stainless steel shall be handled so as to minimize contact with iron or other types of steel during all phases of fabr i-

ll 

11 

Oli 

cation, shipping, and construction. The U1e111lal history of Lhe material must also be controlled. The following sections describe Jl 

the major precautions that should be observed dtuing fabrication. and handling. 

Table X-3-Joint Efficiencies 

Joint Effidency 

] 

0.85 

0.7 

Radiographic Requirements 

fU!diograph per 8.1.2 

Radiograph per XA . L 4 .l . t 

No radiography required 
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Table X-4a-(SI) Yield Strength Values in MPa 

Alloy Yield Streng!~ MPa for Design Temp Not Exceeding 
40'C 90'C 150'C 200'C 260"C 

S31803 450 396 370 353 342 

532003 450 386 352 331 317 

S32101 450 379 351 324 317 

532205 450 358 338 319 296 

532304 400 343 319 307 299 

532550 550 484 443 421 407 

532520 550 448 421 400 379 

832750 550 486 446 418 402 

532760 550 -455 428 -414 400 

Not~ 1. Interpolate betv,teen temperatures. 
2. Reference: Table Y-1 or ASME Section II , Part D or Manufacturers' dala sheets. 

Table X-4b-(USC) Yield Strength Values in psi 

Alloy Yiejd Sltength psi for Design Temp Not EXceeding 
100'F 200'F 300•F 400'F 500'F 

831803 65,000 57,500 53,700 51 ,200 49,600 

832003 65,000 56,000 51.000 48,000 46,000 

832101 65,000 55,000 51,000 47,000 46,000 

S32205 65,000 52,000 49,000 45,000 43,000 

532304 58,000 49,800 46,300 44,500 43,400 

832550 80,000 70,200 64,300 61,000 59,000 

532520 80,000 65,000 61,000 58,000 55,000 

832750 80,000 70,500 64.700 60,700 58,300 

532760 80,000 66.000 62,000 60,000 58,000 

Notes: 1. Interpolate between temperatures. 
2. Reference: Table Y-1 of ASME Section If. Part D or Manufacturers' data Sheets. 

X.4.2 STORAGE 

Storage should be under cover and well removed from shop dirt and fumes from pickling operations. H outside storage is neces
sary. provisions should be made for rainwater to drain and aJlow the material to dry, Duplex st.ainless steel should not be stored in 
contact with carbon steel. Materials containing chloddes. including foods. beverages. oils, cleaners and greases. should not come 
in contact wirh duplex sralnless steel. 

X.4.3 THERMAL CUTTING 

X.4.3.1 Thermal cull ing of duplex stainless steel shall be by the plasma-arc method or by laser cutting. 

X.4.3.2 Thermal cut ting of duplex stainless steel may leave a heat-affected zone wit11 intennetallic precipitates. This heat
affected zone may have reduced corrosion resistauce and toughness unless removed by machining or g.rindjng. Normally the 
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Table X-5a- (SI) Modulus of Elasticity at the Maximum Operating Temperature 

MOCiuluS o.t EbStK:Il)• Ill Mpa 
lor DeSign Temperatures Not Exo.:et.tlllg 

4110') JO'C 90'C IM)'C zoo·c 260'C 

531603 198,000 190.000 185000 180001) 174.000 

S32003 203,000 20S.OOO 201000 197,000 192.000 

S32101 198.000 IS£ DOD 190000 185000 182.000 

832205 198,000 190,000 165.000 180.000 174,000 

532:JOJ 198,000 190.000 185000 160.000 174,000 

S32650 203,000 206.000 202 000 198,000 194 000 

532520 203.000 206.000 202000 198.000 180,000 

S32750 202,000 194 000 188000 180,000 175000 

S-;2760 198,000 193 000 190.000 185.000 182.000 

No:e 1 1nte1po1;ne between tempera:ures 

Table X-Sb-(USC) Modulus of Elasticity at the Maximum Operating Temperature 

Modulus of Basl•ciiY'" psi 
for Design Temperatures Not Exceeding 

Alloy IOO'F 200'F 300'F 400' F SOO'F 

$31803 28,700 27,600 26,800 26,100 25,300 

532003 30,300 29,800 29,200 28,600 27,900 

$32101 28,700 28,100 27,500 26,900 26,400 

$32205 28,700 27.600 26,800 26.100 25,300 

832304 28,700 27,600 26.800 26.100 25.300 

$32550 30,300 29,900 29.300 28,700 28,100 

$32520 30,300 29,900 29.300 28,700 26,100 

532750 29,300 28,100 27,200 26,200 25,400 

$32760 28.800 28.000 27.600 26.900 26,400 

Note: I. Interpolate between temperatures. 

HAZ from lhermal culting is thin enough to be removed by edge preparation machining and adjacent base metaJ melting during 
welding. rhe Purchaser shall specify if the heat-affected zone is to be removed. 

X.4.4 FORMING 

X.4.4. 1 Duplex s1ainless steels shall be formed by a cold or hot forming pl'ocedurc I hat is not injurious to the ma1erial. 

X.4.4.2 Duplex stainless steels may be cold formed. The maximum SIJain produced by such cold forming shall not exceed 10% 
and control of fom1ing spring-back is provided in the forming procedure. 

X.4.4.3 Hot forming. if required. may be performed within a temperature range shown in Tables X-6a and X-6b. 

X.4.4.4 Forming at temperatures betwl"en 600°F (3l5°C) and the minimum temperature shown in Tables X-Ga and X-6b is not 
permltfed. 

11 
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Table X-6a-(SI) Hot Form Temperatures 

Alloy ·c MaJ< 'CMin •c Min Soa~ing 
Temp 

531803 1230 950 1040 

532003 1100 950 1010 

532101 1100 900 980 

532205 1230 950 10~0 

532304 1100 950 980 

532550 1230 1000 1080 

S32520 1230 1000 1080 

532750 1230 1025 1050 

532760 1230 1000 1100 

Table X-6b-(USC) Hot Form Temperatures 

Alloy 'F Max ' F Mtn 'F Mill Soaking 
Temp 

531803 2250 1740 1900 

532003 2010 1740 1850 

532101 2010 1650 1800 

532205 2250 1740 1900 

532304 2010 1740 1800 

532550 2250 1830 1975 

532520 2250 1830 1975 

532750 2250 1875 1920 

$32760 2250 1830 2010 

X.4.5 CLEANING 

• X.4.5.1 When the Purchaser requires cleaning to remove surface contaminants that may impair the normal corrosion resistance; 
it shall be done in accordance with ASTM A380. unless otherwise specified. The Purchaser shall specify any additional clean li
ness requirements for the intended service. 

X.4.5.2 Wh<.'n welding is complet£•d; flux residues and weld spatter shaJJ be removed mechanically using stainless steel tools. 

X.4.5.3 Removal of excess weld metal. if required. shall be done with a grinding wheel or belt that has not been previously 
used on other metals. 

X.4.5.4 Removal of weld heat tint if required. shall be rlone using an appropriate pickling product a11d pkkltng procedure. 

X.4.5.5 Chemical cleaners and pickling solutions used shall not have a detrimcnral effect on the duplex stainless steel or welded 
joints and ~hall be disposed of in accordance with laws and regulations govcming the disposal of such chemicaJs. Thorough rins· 
ing with water and thying shall alvroys follow the use of any chemical cleaners or pickling solutions (see X.4.9). 

X.4.6 BLAST CLEANING 

If bl<lsl clp;:ming is necessary. it shall be done with sharp acicular grains of sand or grit coutaining not more than 1% by weight 
iron as free irou or iron oxide. Steel shot or sand previously used to clean non stainless steel rnaterlals is not permiUed. 
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X.4.7 PICKLING 

If pickling of a duplex stainless steel is necessary. an acid mixture of nitric a11d hydrofluoric acids sha ll be used. After pickling. 
the stainless steel shall be thoroughly rinsed with water and dried. 

• X.4 .8 PASSIVATION OR SURFACE IRON REMOVAL 

When the Purchaser specifies passivation or surface iron removal. cleaning may be achieved by treatnlf'nt with nitric or citric 
acid. Nllric hydrofluoric acid shall be used to remove embedded iron, 

X.4.9 RINSING 

X.4.9.1 When cleaning. pickling or passivation is required. these operations shall be followed immediately by ri 11sing, not 
aJiowiog the surfaces to dry between operations. Pickling solutions may require a neutralization trea011ent before rinsing. 

• X.4.9.2 Rinse water shaJJ be potable and shall nor contain more Lhan 200 parts per million chloride at temperatures below •W°C 
(100°f). or no more tJ1an 100 parts per million chloride at temperatures above 40°C (100°F) and below 65°C (150°F). unless spt>
clflcally allowed by rhe Purchaser. 

X.4.9.3 Following finaJ rinsing, t11e equipment shal l be completely clried. 

X.4.10 HYDROSTATIC TESTING 

X.4.10.1 The rules cf 7.3.5 apply to hydrostatic testing except that t.he penetrating oil Lest in 7.3.5(2) shall be replaced with liq
uid penetrant examination ronrlucte<l by applying the penetrant on one side and developer on the opposite side of rhe welds. The 
penetrant dwell lime n1ust be at least one hour. 

• X.4.1 0.2 The materials used in the construction of duplex stainless steel tanks may be subject to pitting. or general corrosion if 
they are rxposed to contaminated test water for extended periods of l;ime. The Purchaser shall specify a minimum quality of rest 
water that conforms to the fol lowing requirements: 

a Unless otherwise specified by the Purchaser. water used for hydrostatic testing of tanks shall be potable and treated. containing 
at least 0.2 parts per million free chlorine. 
b. Water shall be substantiaJly clean and clear. 
r, Water shall have no objectionable odor (that is. no hydrogen suJfide). 
d. Water pH shall be between 6 and 8.3. 
e. Water temperature shall be below 50"C {l 20°F). 
f. The chloride c.:oment of the water shall be below 50 parts per million, unless otJ1e1wise allowed by lhe Purchaser. 

• X.4.10.3 When testing with potable water. lhe exposure time shall not exceed 21 days. unless otherwise specified by rhe Pur
chaser. 

X.4.1 0.4 When testing with other fresh waters, 1be exposurf' time shall not exceed 7 days. 

X.4.1 0.5 Upon completion of the hydrostatic test. water shall be comple1ely drained. Wetted surfaces shall be washed with 
potable water when non-potable water is used for the test. and completely dtied. Particu lar attention shall be given t.o low spots. 
crevices. and similar areas. Hot air drying is not pem1itted. 

X.4.11 WELDING 

X.4.11 .1 Tanks and their structural attachments shaJl be welded by any of the proresses permitted in 7.2.1.1. Galvanized com· 
ponents or components coated with zinc-rich coating shall not be welded directly to duplex stainless steel. 

• X.4.11 .2 Filler metal chemist1y shall be as speclfred by the Purchaser. Proper f1Uer metal selection may be ctiscussed with rhe 
materials manufacturer. Dissimilar welds to carbon steels shall use fi ller metals of E309L or higher alloy content. 
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X.4.12 WELDING PROCEDURE AND WELDER QUALIFICATIONS 

• X.4.12.1 Welding Proceclure and Welder Qualification requirements shall be as specil1ecl in Section 9. Tn addition, procedures 
shall meet the requirements of ASTM J\923 Method B and when specified by Purchaser also Melhod C. Welding Procedure 
Quali ficatiou Records shall document the results of tests required both by Section 9 and by ASTM A923. 

X.4.12.2 For any material that has not been assigned a P-number in Table QW-422 of Section lX of the ASME Code, the Weld
ing Procedure and the Welder Qualification shall be developed for that specific material. 

X.4.13 POSTWELD HEAT TREATMENT 

Post weld heat treatment or duplex stainless steel materials shall not be perfmmed. 

X.4.14 INSPECTION OF WELDS 

X.4.14.1 Radiographic Inspection of Butt-Welds 

X.4.14.1.1 Radiographic examination of butt-welds shall be in accordance wilh 6. 1 and Table X-3. 

X.4.14.1 .2 When slteU designs use joint efftciency = 0.85. spot radiographs of vertical joints shall conform to 8.1 ,2.2, flf'm a. 
excluding the lO mm (31& in.) shell-thickness limitation in Item a and excluding the addiUonal random spot radiograph required by 
llem a. 

X.4.14.2 Inspection of Welds by Liquid Penetrant Method 

The following component welds shall be examined by the liquid penetrant method before tile hydrostatic rest of the tank: 

a. The shell-to-bottom inside attachment weld. 
b. All Wf'lds or opening connections in tank shell that are not compterely radiographed, including nozzle and manhole neck welds 
and neck-to-flange welds. 
c. AU welds of attachments to shells. such as stiffeners, compression rings, dips. and other non pressure parts for which the thick
ness of both parts joined is greater than 19 nnn (3/4 in.). 
d. All butr-welded joints in lank annular plates on which backing stlips ate to remain. 

X.S Marking 

Brazing shall be deleted from lO.l.Z. 

• X.6 Appendices 

The following appenctices are modified for use with duplex stainless steel storage tanks: 

a. Appendix A is not applkablf' to tanks built to rhis appendiiC. 
b. Appendix C may be used; howt-ver, the Purchaser shall identify all materials of construction. The nominal deck thickness 
using duplex stainless steel shall nor be Jess than 2.5 mm (0.094 in.). 

c. Appendix F is mod ified as outlined in X.3.5 of this appendix. 
rl. Appendix H may be used: however the Ptll'chaser shall identify aU materials of construction. The nominal deck thickness usinR 
dupiP.x slainless steel shall not be less than 2.5 mm (0.094 in.). 
e. AppendixJ may be used. except the nominal shell thickness for all tauk diameters shall not be less than 5 mm (31J6 in.). 
f. Appendix K is not applicable to tanks built to d1is appendix. 

g. Appendix M is modified as oullined In X.3.6 of Ulis appendix. 
h. Appendix N Is not applicable. 
i. Appendix 0 may be used: howeve-.r, the- structural members of Tables 0-la and 0-lb shall be of an acceprable grade of 
rnate1 ial. 
j . All other appendices may be used wi thout nJOdificalions. 



APPENDIX Y -API MONOGRAM 
(informative) 

Y.1 Introduction 

Tht:- API Monogram Program allows an APl Licer1see to apply the APT Monogram to products. 

The use of l.he Monogram on products constitutes a representation and warTanty by the Licensee to purchasers of the products 
that. on the date indicated. the products were produced in accordance with a verified quality management system and in accor
dance with an API product specification. The J\PJ Monogram Program delivers significant value to the international oil and gas 
industry by linking the verification of an organization's quality management system with the demonstrated ability to rneet specific 
product specification requirements. 

When used in conjunction with lhe requirements of the API License Agreement. APl Spedficalion Q.l , including Annex A. 
defines the requirements for rhose organizations who wish to vohmtarily obtain an API license to provide API monogrammed 
products in accordance with an A Pl product specification. 

1\Pl Monogranr Program licenses are issued only after an on-site audit has verified that d1e Licensee conforms lo the requirements 
described in API QJ in total. 

For infonnation on becoming an API Monogram Licensee. please contact API. Certification Pmgrams. 1220 L Street, NW, Wash
ington. DC 20005 or call 202-682-8000 or by email at certiAcation@api.org. 

Y.2 API Monogram Marking Requirements 

The following marking requirements apply only to those API Licensees wishing to mark Lheir products With the APfMonograrn. 

The complete API Monogram marking consists of the following: 

the letters "API650," 

the manufactu r·er's API license number. 

the API Monogram, 

the date of manufacture (defined as lhe month and year when the Monogram is applied by the manufacturer). 

Y·1 
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